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CONVERSATION I. 



INTRODUCTION, 

The early History of Electricity. 

TUTOR. If I rub pretty briskly 
Vt^ith my hand this stick of ^ sealipg- 
Vi^aX) and then hold it tieaf any small 
light, substances, as little pieces of 
papei", the wax will attract them; that 
is, if the wax be held within an indi 
or more of the paper, they will jump 
up, and adhere to it. 

Charles. They do; and I think I 
have heard you call this the effects 

VOL, VI. B 



2 



ELECTRICITY. 



of electricity, but I do not know what 
electricity is. 

Tutor. It is the c^ with this part 
of science as with many others, wc 
know it only by ifae eflfecta which it 
produces. As I have not hitherto, 
in these conversations, attempted to 
bewilder your tninds *with useless 
theories, neither shall I, in the present 
<:ase, attempt to say what the elec- 
trical fluid is : its action is well knowrf; 
it seems diffuaed over every portion 
of {flatter with winch we are acqvjaiatedi 
en^f by the use of proper mfelbods» it 
is as easily collected from surroundim 
i)odies as wateris. tifken from aiiv^r. , 

Jani§s, I <no fluid'attacl^iiig t$ 
the s^e^li^^aK bca you have f^^JM 

it." ^ ... 

I :j?V<of:. .-XoH d^ iiDt ^ thfe>air 
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you are surrounded, yet we have 
shown yoD* that it is a fluid, and 
fuay be taken from any vessel, as cer- 
tainly, though not with so much ease, 
as water may be poured from this 
glass. With the exercise of a small 
degree of patience, you shall see such 
experiments as witl not fail to convince 
you that there is as certainly a fluid, 
wMch is called the electric fluid, as 
there are such fluids as water and " 
air- 

Charles. Water must have bcro 
known since the creation, and the ex- 
istence of the air could not long re- 
main a secret, but who discovered 
the electric fluid, which is not at all 
evident to the sense either of sight or 
feeling? 

♦ See Vol. IV. 
B 2 
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Tidar. Thal^s, who lived six ccnr 
turies beforf^ the Christian sra, was 
the first who o|:)seryed the electrical 
properties of amber, and be was so 
struck with the appearances, t^at bp 
supposed it to be f^nitnated ; 

Bright amber shines on his electric throne. 
And adds ethereal Justre to his own. 

Dabwiit. 

James. Does amber attract light 
bodies like sealing*-wax? 

Tutor. Yes, it does; and there 
are many other substances, as well as 
these, that have the same power. Af- 
ter Thales, the first person we read 
of that noticed this subject was Tfaeo- 
phrastus, who discovered that tour- 
malin has the power of attracting 
light bodies^ It does not, however^ 
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appear that the subject, though very 
Guriou5, excited much attention till ^ 
about £00 years ago, when Dr. Gil- 
bert, an English physician, examined 
a ^eat variety of substances, with 
a view of ascertaining how far they 
might or might not be ranked among 
electrics. 

Charles. What is meant by an 
ekctrkf 

Tutor. Any substance being ex- 
cited or rubbed by the hand, or by a 
woollen cloth, or otlier means, and 
has the power of attracting light bodies, 
is called an electric. 

James. Is not electricity a.ceom- 
paiiied with a peculiar kind of ligh^ 
and with sparks? 

Tutor. It is, which we shall 
^peak more at large hereafter: the 
celebrated Mr. Boyle is supposed to 
B 3 
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have been one of the first persons 
^vho got a glimpse of the eleotricai 
light, or who seems to have noticed 
itf by rubbing a diamond in the 
dark. But he little imagined, at 
that time, what astonishing effects 
would afterwards be produced by 
the same power. Sir Isaac Newton 
was the first who observed that ex- 
cited glass attracted light bodies on 
the side opposite to that on which it 
was rubbed, 

Charles. How did he make the 
discovery? 

Tutor. Having l^id upon the ta? 
ble a round piece of glags, about two 
inches broad, in a brass ring, by 
which it was raised from the table 
about the eighth of an inch, and then 
rubbing the glass, some little bits of 
paper which werp under it were atr 
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tracted by it, and moved very nimbly 
to and from the glass. 

Charles. I remember standing by 
a glazier when he was cementing, 
that is, nibbing over some windowr 
lights with oil, and -cleaning it off 
with a stiff brush and whiting, and 
the little pieces of whiting under the 
glass, kept continually leaping up and 
down, as the brush* moved oyer ^le 
glass. 

Tutor. That was, undoubtedly, 
an electrical appearance, but I do 
pot remember having ever seen it 
ppticed by any writer on electricity, 
A complete history of this science is 
given by Dr. Priestley, which will, 
thereafter, afford you much entertain- 
ment and interesting instruction. To- 
morrow we shall enter into the practi- 
cal part of the subjf^ct : and I doubt 
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not that the experiments in this part 
of science will be as interesthig as 
those in any other which you have been 
studying. The electric light> exhibited 
in different forms ; the varioas signs of 
attraction and repulsion acting on all 
bodies ; the electric shock, and the ex* 
plosion of the battery, will give you 
pleasure, and excite your admiration. 
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CONVERSATION It 



Of Ekctric Attraction and Repulsion 
— Of Electrics and Conductors. 

TUTOR. You must for a little 
time, that is, till we exhibit beforf 
you experiments to proye it, take it 
for granted that the earth, and all 
bodies with which we are acquainted, 
contain a certain quantity of exceedr 
ingly elastic and penetrating fluiJ, 
which philoisophers call the, ej^ctrip 
fluid. 
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Charles. You say a certain quan* 
tity : is it limited ? 

Tutor. Like other bodies, it un- 
doubtedly has its limits; this glass 
will hold a certain qnwtity of water, 
but if I attempt to pour into it more ^ 
than that quantity, a part v^ill flow 
over. So it is with the electric fluid : 
there b a certain quantity ^hich be- 
" longs to all bodies, and this is called 
their natural quantity, and so long as 
a body contains neither more nor less 
than this quantity, no sensible eflect is 
produced. 

Jafnes. Has this table dectricifcf 
ki it? 

Tutw. Yes, and so has the ink- 
i&tand, and every thing else in the 
ro<»n ; and if I were to take proper 
meaba to put more into it than it 
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now has, and you were to put yoigr 
knuclde to it, it would throw it out in 
the shape of sparks. 
James, i should like to see this 

Charles. But what would happen 
if you should take away sodie of its 
natural quantity? 

Tutor. Why then, if you presented 
wy part of yoar body to tb^^ table^ as 
your kn^cklQ, a spark wduld go from 
you to the iahle^ 

/^fi^. fiut^rperhaps^ Cjhades might 
not have 9ior6 tkm his tiatural shapes 
and in that case he.oc^ pot Spare 
any. 

Tuior. . Trae; i^ut to providp for 
this, the earth on which he stands 
wooid i^nd iftni' a Uttle to nMike up 
for: wbajt ^^arted wfkth to the table. 
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Jams. This must be an amusing 
Btpdy; I think I shall like it better 
than any of the others. 

Tutor. Take care that you do not 
pay fbr the amusement before we have 
done* 

Here is a glass tube about eighteen 
tnchei^ long, and perhaps an inch or 
mot^ iillfi^aineter; I rub it up and 
down qui<fkly iE> my hand^ which is 
dry^nd wafni, and now I will pre- 
sent it to these fragments of paper, 
thread, and gold-leaf : you see they 
all move to it. That is called eled*- 
tricdl attraction. 

Charles. They jump back again 
now, and now they return to the 
glass* 

Tutor. They afe, in fact, alter- 
nately attracted and repelled, and 
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will last several minutes if the 
glass be strongly excited. I will 
rub it again, present your knuckle 
to it in several parts one after an- 
other. 

James. \Vtiat is that snapping? I 
feel likewise something like the prick- 
idgofapin. 

Tutor. The snapping is occasioned 
l>y little sparks which- come from the 
tube to your knuckle, and these give 
the sensation of pain. 
- Let us go into a dark room, and re* 
-jteat the experiment. 

Charles. The sparks are evident 
enough now, but I do not know wheife 
4bey can come from. 

Tutor. This air and every thing 
is foil of the fluid whidi appears io 

VOL. VI. c 
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the shape of spmrks; and, whaterer 
be the causei which I do not at* 
tempt to explaifii the iiibbing of 1^ 
glass witii the hand coUeots it from 
the air, and having now more than 
4ts natural share, it pirts with it to 
you> or t^ -me, pt to any body ebft 
that may be near enough to receive 
it 

Jams. WiU aay other substance 
besides the hand| excite the tube? 

Tutor. Yes, many others, and 
tbese^ in this science, are called the 
rubbers; and the glass tube, or ^at* 
ever is c^pfibie of being th(is excited^ 
if caU^ an electric* 

Charles. Are not all s<>rts of solid 
substances capable of bei^g excited? 
. Tufor^ Yon may rub this poker, 
or the round rgler for ever, with- 
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out obtaiDiDg an electric spark from 
them. 

James. But you said one might 
g&t a spark from the mahogany table 
if it bad more thaii its share. 

Tutor. So I say you may have 
sparks fVom the poker, or ruler if they 
possess more tlian their common share 
of the electric fluid. 

Charles. How do you distinguish 
between bodies that can be, and those 
that cannot be; excited ? 

Tiitot. The former^ as I have told 
yon, are called ekctrics, ai^ the glass 
tnbe ; the laiterj suob as the poker, 
the ruler, your body, and thousitnd 
elher substances, are denominated 
emdHCters. 

Chbrks^ - I should be glad to 
know the reason of the distinction, 
c2 
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.because I shall be more likely to re<^ 
member it. 

Tutor t That is rigjit: when you. 
held ypur knuekleto the glass tube, 
you had several sparks from the difr 
ferent parts of it: but if I, by any 
means, overcharged a conductor, as 
this poker^ all the electricity will 
come away at a single spark, because 
the superabundaat quantity flows in- 
stantaQCQusly from every part to that 
point where it has an opportunity of 
getting away. I will illustrate this by 
an experiment. But first of all let me 
tell ypu, that all electric^ are called 
Also nonrcpnductors. 

Jamef. Do you pall the glass tub§ 
A 7ion'C(mductor because it does no( 
suffer the electric fluid to pass froi^ 
(}fj9 part <tf it to another? 
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Tutw* I do: — silk, if dry, is t, 
non-CGDcluctor. With thi3 skein of 
sewing-silk I hang the pok^ or other 
Xdetal substancei a (Plate i. Fig. I.), 
to a hook in the deling, so as to be 
about twelve inches from it; under- 
neath, and near the extremity, are 
(ome small substances, as bits of paper, 
&e. I will excite the glass tube, and 
present it to the upper part of the 
poker. 

Charles. They arc all attracted; 
but now you take away the glass they 
«re quiet* 

Tutor. It is evident that the elec- 
tric fluid passed from one part of the 
tube through the poker, which is a 
qmductor, to the paper, and attracted 
it: — if the glass be properly cx- 
c a 
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iclted, you may take sparks from die 
poker. 

James. 'Would not the same hap- 
pen if another glass tube were placed 
in the stead of the poker? 

Tutor, You shall try,r— Now I 
have put the glass in the place of the 
poker, but let me excite the other 
tube as much as I will, no effect can 
be produced on the paper: — there are 
no signs of electrical attraction, which 
shows that the electric fluid will not 
pass through glass. 

Charles. What would have hap- 
pened if any conducting substance had 
-been used, instead of silk, to suspend 
the iron poker? 

Tutor. If I had suspended the 
poker with a moistened hempen 
string, the electric fluid would have 
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aU passed away through that, and 
there would have been no (or very 
trifliog) appearances of electricity at 
the end of the poker. 

You may vary these experiments 
tin you make yourselves perfect with 
regard to the distinction between 
^electrics and conductors. Sealing^ 
wax is an electric^ and may be elicited 
as well as a glass tube, and will pror 
duce similar effects. I will give you 
a list of electrics, and another of con- 
ductors, disposed according to the 
order of their perfection, beginning in 
each list with the most perfect of their 
class: thus glass is a better electric 
than amber, and gold a better con- 
ductor than silver : 
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SLBctmct. 
Glass all kinds. 

AXL precious stones, tbe 
most tniBsparent the 

Amber. 
Sulphur. 

AU rttiaoaa substanoes. 

WaxofaUkiiuis. 

Silk and cotton. 

Dtj exteth%{ substancfSy 

8s fettheiSy wool^ and 

hair. 

Pbpef; loafsngar. ^ 
Air, when quhe dtf. 
Oils and metallie ox- 
ides* 

Aslkes of aninal and tegeta^ 

Ue tnhataactsu 
Most hard stooeii. 



All the metals in iIm i4. 

lowing order: 
Gold; silver; 
Ojpperi platif»; 
Brass; iron; 
Tin; quicksilver; 
Lead. 

The aemi-metals*. 
Metallic ores*. 
Chareoel. 

The fiuk^ i>f an nuai^ 
body. 

Water, especially salt ivater, 
a^ othes fluada, except 
oil. 

Ice, snpw. 

Most saline substancea. 
Earthy sub^tM»e«. 
Smoke; steamy and even 
A vacuum. 



• This, and other chemical terms, are explained and 
Cuniliarly illustrated in a work just published, by the author 
of the Scientific Dialogues, entitled " Dialogubs iw 
Chemistry," &c. 
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CONVERSATION III. 



Of the Electrical Machine. 

TUTOR. I will now explain to 
yoo the constrnction of the electrical 
roacbine^ and show you how to use 
it 

Charks. For what purpose is it 
used? 

, TuUr. Soon aftertbe subject of the 
electric fluid engaged the attention 
of noen of science, they be^n to' 
contrive the ^adiest methods of col- 
lecting large quantities of it. 
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rubbing this stick of sealing-wax I 
can collect a small portion : if I ex- 
cite or rub the glass tube, I get still 
more. The object, therefcJre, was, to 
£nd out a machine by which the 
largest quantities can be collected, 
with as little trouble and expense as 
may be. 

James. You get mbre electricity 
from the tube than from the sealing- 
wax, beeau96 it is five or six times as 
largie: by increasiag the size of the 
tube, you would increase the qoan* 
tity of the electric fluid, I should 
think. 

Tutor. That is a natural conclo* 
sion. But if yott look to the table 
of electrics, whi<^ I made out yester^ 
day, yoa will see that had the wax 
been as large as the glass tube,^ it 
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would not have collected so much of 
die ctectric fluid, because, in its 
Ofvn mature, it is not so good an 
Nettie. 

Ckiiries. By the table, ^ftss 
stands as die most perfect dedtric, 
but there are several substances be- 
tween it and wax, all of which arc, 
I believe, more perfect dectrics than 
wax. 

Tutor. They are: Eiectricians, 
therefore, had no hesitation as to th'u 
nature of the substance: they fixed 
on glass, which being easily melted 
und run, or blown into all sorts of 
forms, 4s, on that account, very va- 
luable. 

The most common form that is 
tiow used is that of fi glass cylinder, 
from five or six inches in diameter 
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to ten or twelve. Here is one com- 
pletely fitted up (Plate 'I. Fig. 2.), ttie 
cylinder a b is about eight inches in 
diameter, and twelve or fourteen ia 
length : this I turn round in the frame- 
work, with the handle d c. 

James. What is the piece of black 
silk K for. ^ 

Tutor. The cylinder would be of 
no use without a rubber you know; 
on which account you see the glass 
pillar R Sy which, being cemented 
into a piece of hard wood, is made 
to screw into the bottom of the ma* 
chine; .on the pillar is a cushion, to 
which is attached a piece of black 
silk. ; 

Churles, And I perceive the 
cushi<m is made to press very hard 
against ^the glass. . - 
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Tutin'. This pressure, when the 
cylkder b turned round fast, acts 
precisely like the rubbing of the tube 
by the hand^ though in a still more 
perfect manner. I will turn it round. 

James. Here is not much sign, of 
electrieity yet. 

Tutor. No: the machine is com- 
plete, but it has no means of col- 
lecting the fluid from the surround- 
ing bodies: for you see the cusUon 
or rubber is fixed on a glass pillar, 
and glass will not conduct the. electric 
fluid. 

Charles. Nevertheless it, does,; by 
turning round, show aoufc signs ol^at* 
traction. . . ^ 

Tutor. Every body in nature .with 
idbtch we are acquaintedv possesses . a 
portion. of this fluid, and: therefore 

VOL. vr. D 
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tbe signs which am now evideot Afise 
from the smaU quaodty which' exists 
ia the rubhcr itself, aiid tbe AttnO'-' 
sphene that immediatetji! stfsroiinddjstbe 
machne. 

Ckaries. Wooid,^ case.* tie dif- 
ferent if the rubber were fitted oil 
a oonductiag aubstaQoe inatetd of 
glass? 

Tutvr. It would ; but there is a 
much easier aietbc»l : I will hang oo 
this bra»» -chain to tbe coushtoo at r» 
wfaiob being several feetloog^ Hes tra 
the table, or on tbe floor, and this 
you Imow is coniiected, by meaias of 
other objects, ndth the earth, wlaoh 
is the grand reservoir of the electric 
fluid. Now see tbe ^flSect of ;tdiiiing 
foand the cylinder : but I must miike 
every part of it 4ry and xather wamr, 
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by robbmg k mth a dry wmrm 
riotb. 

James. It is indeed very poverfuK 
Whkt a crackling ofMe it make»! 

Tutor. Shut the window^abuMerd. 

CimrksL The apf^etraoee is very 
beautiiful: the flashes from the siik 
dart alt rcojitd the cylioder. 

Tut0r. I witl DQw bni^ to tba 
cylinder the tin conductor wbicfa is. 
alflo piEiced on a glass paQar, f n, fixed 
in the stand at f. 

Jama. What are the points ic the 
tfai conductor for? 

Tuter. They are intttidcd to cd^ 
iect the ficiid from the cylinder. I 
will torn the cylinder^ and do you 
hdd your knucKle within four or five 
inches of the eoaducfeon 

Charles. The painful sensations 
ifhich these sparks occasion^ prove 
' d2 
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that the electric fluid i» a very powers 
ful agent ivhen collected in larg^ 
quantities. 

Tutcr. To show you the nature 
of conducting->bodies9 I nviil now 
throw another brass diain over the 
conductor, so that one end of it may 
lie on. the floor«^ See now if you can 
get any sparks while I turn the ma- 
chine. 

James. No, I can get none, put 
my knuckle as near to it as I will.~ 
Does it all run away by the cham? 

Tutor. It does; a piece of brass 
or iron wire would do as well; and 
so would any ccHiducting substano^ 
which touched the conductor with 
one end, and the floor with the other ; 
your body would do as well as the 
chain. Place your hand on the con*^ 
duGtor, while I turn round the cylin*^ 
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df»r: and let your brother briog his 
](nucUe Dear the conductor, 

Churks. I can get no spark. 

Tutor. It runs through James to 
the earthy and you see ha body is a 
cOndiietor as well as the chwi* With 
a very little contrivance^ I can take 
aparks from yoo or Jaaies» as Mrell as 
you did from the conductor. 

Ja99»esi. I should like to see how 
that is done. 

Tutw. Here is a small stool^ hav- 
ing a maho^y top and (^ass legp* 
If you stand on that, and put your 
hand on the conductor^ the electrichy 
will pass frosi tbe conductor to your 
body. 

Charks. Wilktbe glass legs pre* 
vent it from running from him to the 
eartii? » 

Tutor. They will: and therefore 

p3 
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what he receives from the conductor, 
he will be ready to part with to any 
of the surrounding bodies, or to you 
if you bring your hand near enough 
to any part of him. 

James. The sparks are more paiil^ 
ful in coming through my clothes^ than 
when I received them on my barfe 
hand. 

Tuter. They are: you understand, 
I hope, the process. 

Charles. Bv means of the cbaii^ 
trailing on the ground, the electric 
fluid is collected from the earth on the 
glass cylinder, which gives it through 
the points to the conductor: from this 
it may be conveyed away again by 
means of other conductors. 

Tutor. Whatever body is sup- 
ported, or prevented from touching 
the earthy or communicating with it, 



by means of glass or other non-con- 
ducting substances, is said to be in- 
sulated. Thus a body suspended on 
a silk lihe is insulatp{l,,.and.so is any 
substance that stands on glass, or re- 
sin, or wax, provided that these are 
in a dry state, for moisture will con- 
duct away the electric fluid from any 
charged body. 



C0KV£IlSATr6N IV. 



Of the Ekctrical Machine^ 

CHARLES. What is that shining 
Stuff which I saw you put to the rub* 
ber yesterday? 

Tutor. It is called amalgam the 
rubber, by itself, would produce but 
a slight excitation: its power, how- 
ever, is greatly increased by laying 
upon it a little of this amalgam, whic^i 
is made of ^ quicksilver, zinc, and -tin* 
foil, with- ti- little -tallow or mutton 
suet 
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James. Is there any art required 
in using this amalgam? 

Tutor. When the rubber and silk 
flap are very clean and dry, and in 
their place, then spread a little of 
the amalgam upon a piece of leather, 
and apply it to the upper part of the 
gjiass cylinder, urtiile it is revolving 
from you; by this meaiis, particles of 
the amalgam will be carried by thg 
glass itself to the lower part of the 
rubber, and will increase the excita>- 
tion. . 

Charles. I think I oBce saw a 
globe, instead of a cylinder, for . an 
electrical machine. 

Tutor. You might: globes were 
used before cylinders, but the kttter 
are the most coovenient of the. two. 
The most powerful, el^ctrictl ma«» 



Si 



chitm are iitted widi fiat {datte of 
glass. In our esperimenti we ahafi 
be coQtOQt the^^Ifoder, which 
mill afiswer ewy porpose of explftm^^ 
iDg the princ^sies of tiM sdcoce. 

Jbob.^ As I wa^ iibls to ccmcfaict 
«b€ ^ctrieity front the tk conductor 
to the groand^ could I likewise act the 
^rt of tbe clttks, by conductiDg tiie 
itiid f*cm the earth io the ensbion ? 

T'ditof. UiKdoubtedlyi I wfll taire 
fiflTthe tebltie^ and now do yon keep 
your hand on the cuihion while I turn 
Ihe handle. 

^^^'Jmies^^ I $«e the machine works 
as well as when tlie chain was on the 
grewnd- ' 

• SFkm Keep your present position, ^ 
Ikift ^alid^oft lbe-:ftlool wkb gMss 
; ^^^h meai^ there is now 
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commuxHcalm cdt off betvteeii 
the ousfaba and the eartb; in other 
wonlfli tbe cuebion is oosipkttily ki« 
aciiated» aod ctn only take kom ypu 
iriiat eiectridty at can g^t kom your 
body. GiD^ Charles, end ufaake Jiands 

your -brotber. 

Chark&. .% It dota naot appear that 
tbe aiacfaiae imd taken ail t;Wtelec«> 
tricity frc>n bk% ifor Jae jgava ma a 
snartiqpanlu 

2itfar. Yjou'^w lanlafaen; jBagana 
yoftt nalhiag) but te; look a spark frm 
you. 

Chmries. 1 idiood lon the jgroued; 

1 not etoctwfed; iiowtfaenoatiUL 
I i^hiao^iaisfairk? 

Jkit$r. Tim maefaiaa bad tatea^ 
fjmn Jauiei tbe claciricity ithat waft 
in bis body, and iiyis&ofiilig 'Oii the 
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Stool, that 15, by behsg insulated, he 
had no means of receivmg any more 
from &e earth, or any surrounding 
objects; the moment, therefore, you 
brought your hand near him, the elecr 
tricity passed from you to him. 

Charles. I certamly felt the spark,, 
but whether it went out oi^ or entered 
into, my hand, I cannot telh have I 
then ieast than my share now ? ^ 

TiUor. No : what you gave to 
your brother was supplied immedi- 
ately, fronok tiie earth. Here is . an* 
other glass-legged stool ; do you stand 
c^ lfaisv but at the, distmice. of a foot 
cir* tiieo.:from .your .brother, who still 
keeps bis place. 1. take the electri- 
Gffy' ofrofai rliim l>y turning the jiaa- 
cbine,jand as he slansb^on the stooi^,. 
he^ha'Scnow lesl than his s^hare, Bui 
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you i3*ve yaar natural share, because 
though you also are insulated, yet 
you are out of the influence of the 
machine; extend, therefore, your 
hand, and give him a part of the 
electric fluid that is in you. 

Charles. I have given him a 
spark. 

Tutor. And being yourself insu- 
lated, you have , now less than your 
natural quantity, to supply which you 
shall have sdpie from me: give me 
your hand. You draw it back with- 
out my touching it ! 

Charles. I did, but it was near 
enough to get a strong spark from 
you. 

Tutor. When a person has less 
electricity tbaa hrs natural share, be 
is said to be electrified minusy or ne- 
gatively : but if he has rrm^e than his 
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natural sfaere, he is said to be efectri- 
fied plU8^ or positively^ 

James. Then 4»fore Charles giatfe 
"tot the sparky I was eltetrified lainos ; 
mhd when he had given it me^ he wids 
minus till be roa^vied it from yoix. 

Tutor. Thai- is right. Suppose 
you stand on a stool and hold the 
rubber, and Charles stand 6n an-* 
^>ther stool, aiid touch tlite prime con- 
- ^ductor li, while I turn the machine, 
which of you will .be plus, and which 
minus, electrified? 

James. I shall be minus, because 
•I' give to the rubber: and Charles 
willbe pks, because he receives from 
the conductor what I gave to the 
rubber, and which is carried by the 
cylinder to the conductor. 

Tutor^ You then have less than 
^our share^ and your brother has 



more tban he ovight to have. Now 
if X g^t anQth?r glass-leigged stopli^ 
I c%n.«ai(« frqm Charles wh^t he has 
too mu^hf and ^yq it to yqu niho 
hay? too l^tle. 

Qhfirks. \% it Q^^ess^ry that yon 
should he insulated for this pur« 
^e? 

% li<SPgiBsul%^ed I may 

very electricity which p^iasied fronii 
1^ tq yqu* But if I stand pa the 
ground) thje quantity wh^ch I 
from you will pass into ^ earthy 
bfx^use I <^nn9t> upleys I 
yulatedjt ^Uk^ mo^e t^u Qiy natural 

James. And what is g*^ven by yoi^ 
IQ ipe ^9 likewise ini$tan|aneously supr 
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Other experiment to show that the* 
electric fluid is taken from the earth. 
Here are some little balls (Plate i.^ 
Fig. 3.) made of the pith of elder : 
they ure put on thread, and being 
very light, are well adapted to our 
purpose. 

While the chain is on the cushion, 
and I work the machine, do you 
bring the balls near the conductor 
by holding the thread at 

James. They are attracted by it, 
and now the two balls re^el each 
other, a& in the figure x. ' * ^ 

* Tutor. I ought to have told you, 
that the upper part d of the line is 
silk, by which means you know the 
balls are insulated, as silk is a non- 
tonductor. I take the chain off from 
the cushion, and put it on the con^ 
duetor, so as to- hang on tlie ground, 



I P^m the Wffl the 

h»lh fee ww^ if yw 1^9^ 

th^fn to t)^d inductor? 
J^mtf No, thfy ^rf not 
Tu*W' T^keth^n^tp the cusbiQi^. 

Tii^y %r0 iiUFaf te^ ^i^d 
v«p^ltedi WW by bei^g liTpught 
t^ capj^l9P> m th^y we^e b?for#j l^y 
Mg ««rrif d te th? cqg^ucfpr. 

Tu(^r, Yes, yoq m^y flow 
take 9pfurlcs freo) the cy^hipn fi3 y<)« 
VKd just now from the conductor : in 
both cases it must be evident that 
the electric fluid is brought from the 
earth. 

Some machines are furnished with 
two cow^tors, one of which is con- 
nected with the cushion, the other 
such as we have described. Turn 
the cylinder, and both conductors 
wiU be electrified; but any body 
£ 3 



42 EL^CTKICI-TY. 

which is brought within the ihflutoce 
of these, will be attracted by^nei of 
the conductors,* and repelled by the 
other : and i^a chain or wire be made 
to connefct the two together,- neither 
will exhibit any electric appearances : 
they seem, therefore, to be ih opposite 
states; accordingly electridaiis say, 
that the conductor connected with the 
cushion is negatively electrified^ and 
t^e other is positively elect^i^cl. 
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' . CONVEESATION. Y, . . 



Of Electrical Attraciion and- 
■ " Repulsion. * 

• JAMES: What is- tJiis large Toll 
bf sealing-wax for ? ; - ' ' ^ ' 

Tiitor: As I meAn - to explain^ 
this rhorning, the pirinciples of elec- 
trical Attraction and ' impulsion, 1 
have, besides the electtridal machine, 
brought but for use -a r^i^i sealing- 
wax, which is dbout fift^fen inches 
long/ and an 'ihfch arid a ^jtliwrteg iri 
diameter ; and the long glass tub§. 
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Charles. Are they not both 
electrics, and capable of being ex* 
cited ? 

Tutor. They are; but the elec- 
tricity produ^ by exciting them has 
different or contrary properties. 

James. Are there two kinds of 
electrics then? 

Tutar* We show you fin f xpe* 
riment before we attempt to give 
any theory. — I will excite the glass 
tube, wd Chftrles i^all e^cit^ the 
wax. Now do yoif bring th^ pitti^ 
balls, whiqh ar^ si}speqded Kfx\ silk 
(Fig. 3.) t§ the tube. They arp sud^t 
denly di^awa tq it» an4 now they arf 
repelled fpafn pnf »nptbfir, ai^d Jike^ 
wise froiij. thp tubfi, for you caniK)( 
easily inrtfi thfiRi to^^h it^fgainr^mr 
bul^tak^ tb^jn to the ex9i|e4 
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JameSi f^^e wax attracts them 
very powerfully: now they fall to- 
gether > again; and appear in the 
same state as they were in before, 
they were brought to the excited 
tube. 

Tutor. Repeat the experiment 
again and again, because on this 
two different theories have been 
formed. One of which is, that there 
are two electricities, called by some 
philosophers the vitrecus or positive 
electricity, and resinom or negcitive 
electricity. 

Charks. Why are they called 
mtreaui and resinous f 

Tutor. The word vitreous is I^tin, 
and signifies any glassy substance; 
ami the word risinous, .'used, to de- 
note that the electricity produced by 
resins, wax, &c. possesses .'different 
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quglltiea feoai that produced by 
glass* 

Jaims. \% it not* na}ai£«l to supr 
poee that there are twa eleetf icilieey 
since the excited wax attracts tbo 
very same bodies that the ^xoitfiil 
glaasrqpab? 

Tuim. It may be as wsily e^n 
plained^ hy avpfMioing titat evi^iy 
body^ ia it& natural state, poaaim^ 
a certain qiiwt^y of tb« el^ctriq 
fluid, if a part of it be ^»km 
away^ it endeavours to get it irwi 
other bodies ; or if more be thrown 
upon it than its natural quantity^ it 
yields it readily to other hiadiM that 
pome within its influence. 

Clmk». I do not understand tUs. 

TviQiK If I eiecite this ^aas tube, 
the ekctricity which it exhibita is 
supposed to eoB^ from my bend; 
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but i£ I »dte tlie roll of ivaic in the 
^ine Vay^ tiate effect is, aocording to 
%his theory, that a part the elec*^ 
trie fiuid siMarally belonging to the 
"wax, passed from it throc^ my hoad 
to the earth.: and the ivax being 
Surrounded by tiie air, i^cb, in 
its dry state, is a nonK^onductor, 
remains exhausted, and is ready to 
take sjp^arks from any body that may 
be .presented to it. 

James. Can you distinguish that 
the sparks come from Uie glass to the 
hand ; and, on the contrary, from 4he 
hand to the wax? 

Tutor. No: the vdocity with 
which the electric spark moves,, ren- 
ders it impossible to say what course 
it takes ; but I stwll show y<Hi bt^er 
experiments w^eh seetn to justify 
thi$ theory : and as Nature alwi^s 
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works by the simplest means, it S€;ems 
more consistent with her usual ope- 
rations, thatt there should be one fluid 
rather than two> provided that known 
facts can be equally well accounted 
for, by one as by two. : 

Charles. Can you account for all 
the leading facts by eithfer theory ? 

Tutor, Yes, we can. 

You saw when the pith-balls were 
electrified, they repelled one another. 
It is a general principle in electricity 
that two bodies having more than 
their natural share of the electric 
fluid, will repel one another. But 
if one have more, and the other less, 
than its share, they will attract one 
another. 

lames. How is this shown ? 

Tutor. I will hold this ball, which 
/is intolated, by a silk thread, to the 
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conductor, and do you, Charles, do 
the: same with the other, tet us 
now bring them together. 

Charles. No, we pannot : they fly 
from one another. 

Tutor. I will hold mine to the in- 
sulated cushion, and you shall hold 
yours to the conductor while the 
machine is turned ; now I suspect they 
will attract one anothei;. 

James. -They do indeed. 

Charles. The reason is this ; that 
the cushion, and whatever is in con- 
tact with it, parts with a portion of 
its electricity ; but the conductor, and 
the adjoining bodies have, more than 
Ijieir share therefore, the ball ap- 
plied to the cushion, being negatively 
electrified, will attract the one con- 
^ nected with the conductor, which is 
positively electrified. 

VOL. VI. F 



50 fiLS^CTRICITV. 

Tutor. Here is a tuft of featherSp 
which I stick in a so^all hole in the 
conductor: now see what hq)peas 
when I turn the cylinder. 

James. They dl endeavour Id 
-avoid each other, and stand erect, in 
a beauti&l manner. Let me take 
a spark from the conductor: now 
they fell down in a motnertt. 

Tutor. When I turned the whed 
they all had more than their share 
of the electric fluid, and therefore 
they repelled one another, hut the 
moment the electricity was taken 
^t^ay, -tkey fell into their natural po* 
sitioa. A large plume of feathers, 
wiien electrified, grows beau£ii[tt% 
tctrgid, ^e^qpanding its fibres in $i\ di- 
rections, mi they colSapse when the 
dyBOtiioity is taken bif. 

James. Could you make the hiua 
on my head repel one another? 
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Tutor. Yes, that I can. Stand 
on the glass-legged stool, and hold 
the chain that hangs on the con-* 
duetor, in your hand, while I turn the 
machine. 

Charles. N ow your hairs stand all 
miend. 

James. And I kel somethiog Uke 
cobwebs over my &ce. 

Tutor. There are, however, no cQb«« 
webs, but that is the sensation which 
a person always experiences if he 
be highly electrified. Hold the pith^ 
ball, Charles, near your brothers 
fate. 

James. It is attracted in the same 
manner as it was before with ti|p|(|tt<ir 
doctor. 

Tutor. Hence you may lay it down 
as a general rule, that all light sub* 
stancea coming within the influence 

V 2 
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of an electrified body, are attracted 
by it whether it is electrified positive- 
ly or negatively. 

Charles. Because they are attracted 
by the positive electricity to receive 
some of the superabundant, quantity ; 
and by the negative, to give away 
some that they possess. 

Tutor. Just so : and when they have 
received ajs much as they can contain, 
they are repelled by the electrified 
body. The same thing may be shown 
in various ways. Having excited this 
glass tube, either, by. drawing it seve- 
ral times through my hand, or by 
means of a piece of flannel, I will 
bring it near this small feather. See 
how quickly it jumps to the glass. 

Jaynes. It does, and sticks to it. 
- . Tutor. You will observe, that 
after a minute or two, it will bave. 
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taken as much electricity from the 
tube as itcan hold, when it will sxkd^ 
denly be repelled, and jump to the 
neamt conductor; upon which it 
wiU discbarge the superabundant 
electricity that it has acquired. 

James. I see it is now going t6 
die, ground, that being tiie nearest 
oooductor. 

liitor. I will prevent it by hold- 
ing the electrified tube between . H 
and the floor. You see how unwil^ 
ing it is to come again in contact 
with the tube : by pursuinj^ I can 
drive it where I please without tDuchf" 
ing it. 

Charles. That is, because the glaQjr 
and the &ati|ier are both loaded with 
the same electricity. 

Ihdor. Let the feal^r touch tb^ 
F 3 
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ground, or other conductor, ^ and 
you will see that it . will jump to th^ 
tube as fast, as it did before. . 
' I will suspend this brass plate, 
which is about five inches in diame* 
ter, to the conductor,, and at the dU 
stance of three or four inches, below 
I will place some small ^theri?, jor 
bits of paper cut into the.figui^s of 
men andv women. They lie .^ry 
* quiet at present; observe their mo-^ 
tions as soon as I turn the wheel 

James. They exhibit a pretty coon* 
try dance : they jiwnp up to the top 
plate, and then dowor again. 

Tutor. The same principle is evi- 
dent in all these experiments. The 
upper plate has more than its own 
share of the electric , fluid; which 
attracts the little figurea: as soon as 
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they havecr^Bfidvcd a 'pcntriari. erf it^ 
tfcey go down:ta gite-.it:td;thfi; lower: 
platasr; and^soit/wiU continueL till the 
upper plate is: discharged of itai auperr 
abundant-tpiqjitity.^ 
; I ' will take away t^e plates, and 
hang a .chaiD on ihe: conductor, the 
^d of which shall lie m.'sevemi folds 
ia a gla!ss. Jutttbler ; if I turn the 
xhachihe^ Hie electric iluidi will run 
through ithe. chain, and will electrify 
tiie inside of the glass* This done, I 
turn it quickly oyer eight or ten small 
, pith-balls, which lie on the. tatble. , . 

C harks. That is a very amusing 
sight : how they jump about ! They 
serve also to. fetch the electricity from 
the glass, and carry it to thp table. 

TVor. If, instead of the lower me- 
tal plate, I holdinai^y l^knd a pane of 
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dry and very clean glass, by the' oor- 
nefi the paper figures or pith-balls 
will not move, because glass bemg 
a non*conducting substance, it has 
no power of carrying away the su* 
p^bondaot electricity from the plate 
suspended from the conductor. But 
if I hold the glass flat in my hand, 
the figures will be attracted and re- 
pelled, wMch shows that the electric 
fluid will pass through thin glass. 

Take now the following results, 
and commit them to your memory. 

(1.) If two insulated pith-balls be 
brought near the conductor, they will 
repel each other^ 

(2.). If an insulated conductor be 
connected witlvthe cushion, and two 
insulated pith-balls be electrified, by 
it; they will repel eagh other. 



ATTRACTION AND RJO»ULSION. 67 

(3.) If one insulated ball be electri- 
fied by the prime conductor, and an- 
other by the conductor connected with 
the cushion, . they will attract each 
other. 

(4.) If one ball be electrified by 
glass, And another by. wax, they wiU 
attract each other. 

(5.) If one ball be elfectrifieXlAy a 
smooth, and another by a rough, ex- 
cited glass tube, they will l^ttract one 
another. 
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CONVERSATION VI. 



Of Ekctrical AitracttQU and 
Repulsion. 

TUTOR. I will show you aa- 
other instance or two of the effects of 
electrical attraction and repulsion. 

This apparatus (Plate i. Fig, 4.) 
consists of three bells suspended from 
a brass wire, the two outer ones by 
small brass chains; the middle bell, 
and the two clappers x^r, are sus- 
pended on silk. From the middle 



bell there is a chain k, which goes 
to the table, or any other coiiductmg 
substance. The bells are now to be 
hung by c on the conductor, and 
the electrical machine to be put in 
motion. 

James. The clappers go from bell 
to bell, and make very pretty music : 
how do you explain this ? 

Tutor. The electric fluid runs do^n 
the chains a and b to the bells a b, 
tiiese having more than their natural 
quantity, attract the clapper a? 
which take a portion from a and b, 
and carry it to the centre bell k, and 
this, by means of the chain, conveys 
it to the earth. 

Charles. Would not the same effect 
be produced if the clappers were not 
suspended on silk? 

Tutor. Certainly not; nor will it be 
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produced if the chain be taken away 
from the bell n, because then there is 
no way left to carry off the elecu iq 
fluid to the earth. 

Another amusing experiment is 
thus shown. Let there be two wires 
placed exactly one above another, 
and parallel ; the upper one must be 
sugpended from the conductor, the 
other is to communicate with the 
table. A light image placed between 
these will, when the conductor is 
electrified, appear like a rope-dancer. 

This piece of leaf brass is -called 
the electric fishj one end is a sort of 
obtuse angle, the other is acute : if 
the large end be presented towards 
an electrified conductor, it will fix to 
it, and, from its wavering motion, it 
uill appear to be animated. 
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This property oi attraction knd re- 
pulsion has led to many inventions of 
instruments called electrometers. 

Jaines. Is not an electrometer a 
machine to measure the strength of ^ 
the electricity? 

Tutor. Yes; and this is one of 
the most simple (Plate i. Fig. 5.)> 
and it depends entirely upon the re- 
pulsion which takes place, between 
two bodies in a state of electrifica- 
tion. It consists of a light rod and 
a pith-ball, hanging parallel to the 
stem, but turning on the centre of a 
semicircle, so as to keep close to its 
graduated limb. This ia to be placed 
in a hole a on the conductor and ac- ' 
cording as the conductor is jnore or 
less electrified, the ball will :% farther 
from the stem. 

Charles. If the circular part be 
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marked with d^iees, jm may as- 
certain, I suppose, pretty accurately, 
the strength of any given diarge. 

Tutor. Yes, you may; but you 
see how fast the iiir carries away the 
electricity, it scarcely remains a single 
moment in the place to whidi it was 
repelled. Two pil^-balls may be 
suspended parallel to one another, 
on silken threads, and applied to 
any part of an electrical machine, and 
they will, by their repulsion, serve for 
an electrometer, for they will repel 
one another the more, as the machine 
acts more powerfully. 

James. Has this any advantage 
over the other? 

Tutor. It serves to show wliether . 
the electricity be negative or posi- 
tive J for if it be positive, ^)y apply- 
ing an excited stick of seating-wax, 
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the threads will fall tc^ether Again ; 
but if it be negativey excited seaiiog-^ 
wax^ or resin, or sulphur, or even a 
I rod of glass, the polish of which is 
taken oSj will make them recede 
&r&er« 

We have now perhaps said ienough 
respecting electrical attraction andre* 
puhdoti, at {east for the present; I wish 
youy however, to commit the follow* 
ing results to your memory. 

(1 . ) Bodies thatitre electrified pa- 
sitlvely repel each other. 

(2.) Bodies that are electrified we- 
gatively repel each other. 

Charles. Do you mean, that if two 
bodies have either more or less of tlie 
electric fluid than their natural share, 
they will repel each other if brought 
sufficiently near? 

Tutor. That is^xactly what I meap# 
e 2 
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: (3.) Bodies electrified by contrary 
powers ^ that isn two bodies, one hav- 
ing mare, and the other, less, than its 
natural share/ attract each other ver^ 
strongly. 

(4.) Bodies that are electrified at- 
tract light substances which are not 
electrified. - . 

These are facts which, I trust, have 
been made evident to your senses. 
To-morrow we will describe what is 
usually called the Leyden phial. 
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Of the Ley dm P/dal^ or Jar. 

TUTOR. I will take away the 
wires and the ball from the conduct- 
or, and then remove the conductor 
an inch or two fkrther from the cy- 
linder. If the machine acts strongly, 
bring an insulated pith-ball, that is, 
you know, one hanging on silk, to 
the end of the conductor, nearest to 
the glass cylinder. 

OS 
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Charles. It is immediately at^ 
tracted. 

Tutor. Carry it to the other end 
of the conductor, and see what hap- 
pens. 

Charles. It is attracted again; 
but I thought it would have been re- 
pelled. 

Tutor. Then as the ball was elec- 
trified before^ and is still attracted^ 
you are siire that the electricity of 
the two ends of the conductor are of 
different names that is, one is pluSy 
and the other ndnUs. 

James. Which is the positive, and 
which is the negative end ? 
, Tutor. That end of the conduct- 
or which is nearest to tlje cylin- 
der, becomes possessed of an elec- 
tricity different from that of the cylin- 
der itself. 
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James. Do ydu mean that if the 
cylinder is positively electrified, the 
end of the -conductor next to it is 
electrified negatively ? 

Tutor. I do: and this you may 
see by holding an insulated pith- ball 
between them. 

Charles. Yes, it is now very evi- 
dent, for the ball fetches and carries 
as we have seen it before. 

Tutor. What you have seen with 
regard to the conductor, is equally 
true with respect to non-conducting 
bodies. Here is a common glass tum- 
bler : if I throw withinside it a greater 
portion of electricity than its natural 
share, and hold it in my hand, or 
place it on any conducting substance, 
as a table, a part of the electric 
fluid, that naturally belongs to the 
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outside, will make its escape through 
my body, on the table. 

Charles. Let me try this. 

Tutor. But you must be careful 
that you do not break the glass. 

Charles. I will hang the chain on 
the conductor, and let the other end 
lie on the bottom of the glass, and 
James will turn the machine. 

Tutor. You must take care that 
the chain does not touch the edge of 
the glass, because then the electric 
fluid wUl, by that means, run from 
one side of it to the other, and spoil 
the experiment, 

James. If I iiave turned the ma» 
chine enough, take the chain out, 
and try the two sides with the insu* 
lated pitli-ball. 
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Charles. What is this?- Some- 
thing has pierced through my arms 
and shoulders. 

Tutor. That is a trifling electri- 
cal shock, which yous might have 
avoided^ jf you had waited for my 
directions. 

Charles. Indeed it was not triBing : 
I feel it now. 

Tutor." This leads us to the. Ley- 
den phial : so called, because the 
discovery was first made at Leydeh, 
in Holland, and by means of a phial 
or small bottle. ; ' 

James. Was it found out in the 
same manner as Charles has just dis- 
covered it? 

Tutor. Nearly so. Mr. Cuneus, 
a Dutch philosopher, was holding a 
glass phial in his band^ about half 
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. filled with water, but the sides above 
the water, and the outside was quite 
dry, a wire also hung from the con- 
ductor of an electrical machine into 
the water. 

James. Did that answer to the 
chain? 

Tutor, JttStso: aiid, like Charles, 
be was going to disengage the wire 
with one &and, as he held the bottle 
in the ether, and was surprised and 
alarmed by a suddeii shock in hin 
arms, and thrcyugh his breast, which 
he had not the least expected. 

Charles. I dd not think there was 
any thing to be alarmed at. 

Tutor. The shock which he fete 
was, probably, something severer than 
that which you have just experienced : 
but the terror was evidently increased 
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by its coming so completdy uoex- 
pected. 

When M. Muschenbroeck first felt 
the shock, which wius by m^ans of 
a tiiin glass bowl, and very slight, 
he wrote to M. Reaumur, that he 
felt himself struck in his arms, shoul- 
ders, and breast, so that be lost bis 
breath, and was two whole days be*- 
fore he recovered from the effects of 
the blow. 

Charles. Perhaps he meant the 
fright. 

Tutor.' Terror seems to have beea 
the effect of the shock : for he adds, 
" I would not take a second shock> 
for the whole kingdom of France.'* 

Mr. Ninkler, an experimental phi- 
losopher, at Leipsic, describes the 
shock as having given him oonv^al* 
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sionSj a heaviness in bis head^ sueh 
as he should feel if a large stone 
were on it, and he had reason to 
dread a fever, to prevent which he 
put himself on a course of cooling 
medicines. " Twice," says he, " it 
gave me a bleeding at the nose, to 
which' I am not inclined ; and my 
wife, whose curiosity surpassed her 
fears, received the shock twice^ and 
found herself so weak, that she could 
scarcely walk. Nevertheless, in the 
course of a few days, she received an- 
other shock, which caused a bleeding 
at the nose." 

^ James. Is this called the Leyden 
phial ? 

, Tutor. It is. They are now 
made in this manner (Plate Fig. 
6.) © A is a glass jar, both inside 
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aiid oot '^re covered with tin foil 
about three parts of the way uj), ad 
fiEir as i?. ' ' 

Ckarl6i. Ddes the Outside 6dvering 
ansi^er to the hand, and the insidci 
fiorering to the watef ? - 

Tutor. They dd. The piece of 
T^^ood z id plaeed on the t6p, inerely 
to support the brass wire and knob Vi 
tb^ the bottbhi of which hiings a 
chahi that rests on the bottom of the 
jar. I will now set the jar in such a 
situation that it shall be within two or 
three inched of th^ conductor/while I 
work the machine. 

James. The sparks fly rapidly froq^ 
the conductor to the knob v. 

Tutor. By that means, the inside 
of the jar becomes charged with a 
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$uper«]>uQdant quantity of: electri- 
city : and as it cannpt coDt^in this, 
M ithout, at the same time, drlvifig 
away Mn equal quantity from (he out- 
^ide^ the itiside is positively elec* 
trified, and the outside Is negatively 
^Jectrified. To restore . the equili- 
brium, I must nia^e a con][mumcf^ 
tion between tlie outfidc; and insidier 
with SQme condqctjng substance. 
That jSi I must make the same sub- 
stance touch, at the same tinje, the 
outride tin foil, antf that whiqh is 
within, or, which is the same thing, 
another substance thaf does touch 

Charles. The brass wire touches 
the inside: if I, . th^reforc^, with one 
band touch the lf;nQb, and with the 



Other the outside coverings will it be 
sufficient? 

Tutor. It will: but I had leather 
you would not, because the shock 
will be more powerful than I should 
msh cither myself or you to expe- 
rience. Here is t brass wire' with 
two little balls, or kDobs 6 s screwed to 
it (Plate I. Fig. 7-); I will bring one 
of them, as to the outside, and 
the other, by to the JbaU v on the 
wire, 

James. What a brilliant spark, and 
what a loud noise ! 

Tutor. The electric fluid, that oc- 
casions the light and the noise, ran 
from the inside of the jar through the 
wire to and spread itself ovelr the 
outside. 

H 2 



Charles. Wofjldj it have gone 
through my arms if I had put one 
)iand to the outside, and torched the 
ifvire communicating with the inside^ 
with the other?. 

. Alitor. It would, and you m^y 
conceive that the »hpjck would hav^ 
jbeen in proportion tQ the quantity of 
the fluid collected. The instrumenl: 
I used may be called a dischargii^ 
rod. fiqt here is a i^ore convenieiM^ 
one (Plate i. Fig. 8.): the handle ^ 
is solid glasS) fastened into a brass 
socket, and the brass work is the 
same as Fig. 7, only by turning on a 
joint the arms may be opened to any 
extent 

James. Why is the handle glass? 
Tutor. Because glass being a non- 
conductori the electric fluid passes 
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through the brass work without af- 
fecting the hand ; whereas, with the 
other, a small sensation was perceived 
while I discharged the jar. 

Charles. Would the jar never dis- 
charge itself? 

Tutor. Yes : by exposure to the 
air for some time, the charge of the 
jar will be silently and gradually dis- 
sipated, for the superabundant elec- 
tric fluid of the inside will escape, by 
means of the air, to the outside of 
the jar. — But electricians make it a 
rule never t^ leave a jar in its charged 
state. 
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CONVERSATION VIII. 



Of the Leyden Jar — Lane's dis^ 
charging Electrometery and the 
Electrical Batttry. 

CHARLES. In discharging the 
jar yesterday, I observed that when 
one of the discharging-rods touched 
the outside of the jar, the flash and 
report took place before the other end 
came in contact with the brass wire' 
that communicates with^the inside 
coating. 
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Tut&r. Yes, it acts in the same 
manner as whim you take a spark 
from the conductor ; you do hot, for 
that purpose, bring your knuckle 
close to the tin. 

James. Sometimes, ifirhen the ma- 
chine acts very powerfully, you may 
get the spark at the distance of seve- 
ral inches. 

Tuior. By the same principle, the 
higher an electrical or Leyden jar is 
charged, the more easily, or at a 
greater distance, is k disdiarged. 

Charles. From your experiments 
it does not seem that it will dischai^ 
at so great a distance as that in which 
a spark may be taken from the con- 
ductdr. 

Tutor. Very frequ^tly a jar will 
discharge itself, after it has accumu- 
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lated as much of the electrical fluid ^ 
as it can contain; that is, the fluid 
which is thrown on the inside coat- 
ing will make its way over the glass, 
though a non-conductor, on to the 
outside coating. 

James. In a Leyden jar, after 
the first discharge, you always, I 
perceive, take another and smaller; 
one. 

Tutor. The tin foil on the jar not 
being a perfect conductor, the whole 
quantity of fluid will not pass at first 
from the inside to the out : what re- 
mains is called the residuum^ and 
this, in a large jar, would give you 
a considerable shock ; therefore, I 
advise you always, in discharging an 
electrical jar, to take away the resi- 
duum before you venture to remove 
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the apparatus. I will now describe 
an electrometer, which 'depends, for 
Us action, on the principles we have 
been describing. 

V Charles. Do you meaisi upon the 
jars dischargbg before the out- 
ride and inside coating are actually 
}>rought into contact? 

Tutor. I do. (Plate i. Fig- 10.) 
The arm d is made of glass, and pro- 
ceeds from a socket on the wire of 
the electrical jar v. To the top of 
tl^ glass arm is cemented another 
bras9 socket throygh which a wire, 
witli balls a and c at each end, will 
slide backwards and. forwards. 

James. So tliiat it may be brought 
to any distance from the ball a, which 
is on the wire, connected with the in- 
side of the jar? 
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Tutor. Just 90. When the jar t 
is set either in contact, or very near 
the conductor, as is represented in the 
figure, and tlie ball b is set at the 
distance of the eighth of an inch 
from the ball a, let a M^ire c k be 
fixed between the ball c and the 
outside coatmg of tiiejar. Then a8 
soon as the machine is worked, the 
jar cannot be charged beyond a cer- 
tain point, for when the charge is 
strong enough to pass from a to the 
ball B, the discharge will take place,, 
and the electric fluid collected in the 
inside will pass through the wire c k 
to the outside coating. 

Ckartes. If you remove the balls 
to a greater distance from one an- 
other, will a stronger charge be re- 
quired before the fluid can pass from 
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the inside of the Jar to the ball of 
the electrometer? 

Tutor. Certainly : . and therefore 
the discharge will be much stronger. 
This ni^ichine is , called Lane's Dis- 
charging Electrometer, from th^^name 
of the person who invented it ; It is 
very useful in applying the ^kctric 
shock to medical purposes, as we 
shall see hereafter. 

Tliis box contains nine jars or 
Leyden phials (Plate i. Fig. 9.) ; the 
wires which prpceed from ,the in; 
side of each three of these jars, are 
screwed or fastened to a qomtpon 
horizontal wire £^ which is knql»bed 
at each extremity, and by mean$ of 
tbe wires f f, the inside coatings of 
3 or 6, or the wjiole 9, may be con- 
Wilted. 
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James. Is it a (Common box in 
which the jars are placed? 
. Tutor. The inside of Ae box is 
lined with tm foil ; ' sometimes very 
thin ^ tin-plates^ are used, for the pur* 
pose of connecting more effectually 
the outside coatings of dll the jafs. 

Charles. What is the hook c on 
one of the sides of the box for? 

Tutor. To this hoolc is fastened a 
strong wire, which communicates 
wrdi the inside lining of the box, 
and, of course, with the outside coat-^ 
ing of the jars. And, as you see, 

the hook a wire is also fastened, 
which connects it with one branch of 
the dischar^ng-rod. 

James. Is there any particular art 
to be used in charging a battery ? ^ 

Tutor. No: the best way is; t<y 
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bring a chain, or piece of wire, from* 
the conductor to one of the baAft ott 
the rods that rest upon the jars ; antf 
then set the rhachine to work. The 
electric fluid passes from the cdndiict-' 
or to the inside of all the jat«, tift it 
is charged sufficiefktly high' foi* the 
purpose. Great cau^on, however, 
must be used when you cOme* to 
make experiments witti a buttery, fop 
fear of an accident, either to yourself, 
or to spectators. 

Charles. Would a shock from this 
be attended with any bad conse* 
quences ? 

Tutor. Yes : very serious acci- 
dents may happen from the electri- 
city accumulated in a large battery, 
and even with a battery such as is 
represented in the plate, which id one 
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of the smallest made ; a shock may 
be g^ven, which, if passed through 
the head, or other vital parts of the 
body, may be attended with very mis- 
chievous effects. 

James. How do you know when 
the battery is properly chained ? 

Tutor. The quadrant electrometer 
(Plate I. Fig. 5.) is the best guide, 
and tliis may be fixed either on the 
conductor, or upon one of the rods 
of the battery. But if it is fixed on 
the battery, the stem of it should be 
of a good length, not less than twelve 
or fifteen inches. 

Chfirlcs. How high will the 
index stand when the battery is 
charged? 

. Tutor. It will seldom rise so high 
as ^O*,^ because a machine, under the 
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most favourable circumstances, cjan- 
not charge a battery so high, in>pro- 
portion, as a single jar. You may 
reckon that a battery is well charged 
when the index rises as high as 60*, 
or between that and 70**. 

James. Is th<^e no danger of 
breakii>g the jars when the battery 
is very highly charged? , ^ 

' ^Tutor.^ Yes, there is; and if 
one jar be cracked, it is impossible 
to charge the others, till the broken 
one. be removed. To prevent acci- 
dents, it is recommended, not to dis- 
charge a battery through a good con- 
ductor, except the circuit is at least 
five feet long. 

Charles. Do you mean the wire 
should be so long ^ 
I 3 
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Tutor. Yes, if you pass the charge 
through that ; but you may carry k 
through any conductor. 

Before, a battery be used, the un- 
coated part of the jars must be omde 
perfectly cle^u aod dry, the smallest 
partides of dust nvill c^rry .away the 
electric fiwd. And after an explo* 
sibn/ alwiiys connect the wire from 
the hook, with the ball, to prevent 
any residuum from remainkg. 
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CONVERSATION IX. 



Experbnents made with the Electrical 
Battery. 

TUTOR. I will now show you 
some experiments with this large 
battery. To perform these in perfect 
safety, I must beg yo^i to stand a 
good distance, from it : this will pre^ 
yent accidents, 

Ex. 1. I take this quire of writ- 
ing-paper, and place it against the 
hook or wire that comes out of the 
box ; and when the battery is chai ged 
I 3 
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I put Qne ball of the discharging- 
rod to a knob of one of the wires 
and bring the other knob to that 
part of the paper that stands against 
the wire, proceeding from the box. 
You see what a hole it has made 
thpQugh every sheet of the paper. 
Smell the paper where the perfora- 
tion is. ' 

Charks. It smells like sulphur, 
Tutor. Or more like phosphorus. 
You observe, in this experiment, that 
the electric fluid passed from the in- 
side of the jars through the con- 
ducting rod and paper, to the out- 
side. 

Janm. Why did it not pass through 
the paper, in the same manner as it 
passed the brass discharging-rod, in . 
which it made no hole } 



Tutor. Paper is a non-conducting 
substance^ but brass is a conductor : 
through the latter it passes with- 
out any resistance, and in its endea- 
vour to get to the inside of the box, 
it burst the paper as you see. The 
same thing would have happened 
had there been twice or thrice as 
much papei*. The electric fluid of 
a single jar will pierce through many 
6hee>ts of paper. 

Charki. Would it sei"ve any other 
non-conducting substance in the same 
manner ? 

Tutor. Yes, it will even break a 
thin piece of glass, or of resin, or of 
sealing-wax^ if they be interposed 
between the discharging rod and 
the ootside of the costing of the 
battery. 
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Ex. 2. Place a piece of loaf-sugar 
in the situation in whicli the quire of 
paper was just now, the sugar will be. 
broken, and in the dark it will appear 
beautifully illuminated, and remain so 
for many seconds of time. 

Ex. 3. Let the small piece of 
wire, proceeding from the . hole in 
the box, be laid on one side of a 
plate, containing some spirits of wine, 
and, on the opposite side of the plate, 
bring one of the knobs of the dis- 
charging-rod, while the other is car* 
ried to the wires connected with the 
inside of the jars. 

Charles. Then the electric fluid 
will have a passage through the 
spirit ? 

Tutor. It will set it on fire in- 
stantly. 



Ex. 4. Take two slips of com- 
fiiOD window-glass^ about four inches 
long, add one inch broad : put a slip 
of gold-leaf between the glasses, leav- 
ing a small part of it out at each end, 
then tie the glasses together, or press 
ihem with a heavy iiv'ieight, and send 
the charge of the battery through it, 
^y connecting one end of the glass 
with the outside of the jars, and 
bringing the discfaar^ng-rod to the 
-other end, and to the wires of the 
inside of the battery, 

Jamef. WiU it break the gjiass ? 

Tutor. It iH*obably will; but whe- 
ther it does or not, the gold-leaf will 
be forced into the pores of the ^as^ 
so as to appear like glass stained 
wkh gold| wlHch nothing can wash 
away. 
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Ex. 5. If the gold-leaf be put be- 
tween two cards, and a strong charge 
passed through it, it will be com- 
pletely fused or melted, the marks of 
which will appear on the card. 

This instrument (Pl^te i. Fig. 1 1.), 
called an universal discharger, is very 
useful for passing charges through 
many substances, b b are glass pil- 
lars cemented into the frame a. To 
each of the pillars is cemented a 
brass cap, and a double joint for ho- 
rizontal and vertical motions ; on the 
top of each joint is a spring tube, 
which holds , the sliding wires c 
c ^, so that they may be set at va- 
rious distances from each other, and 
turned in any direction ; the extre- 
mities of the wires are pointed, but 
with screws, at about half an indi 
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from the points, to receive balls. Tlje 
table D, Jnlaid with a piece of 
ivdry, is made to move up aud down 
in a socket, and a scretv fastens it to 
any required height. The rhigs c c 
are very convenient for fixing a chain 
or wire to them, which proceeds from 
the-conductor. 

Charles. Do you lay any thing on 
the ivory, between the balls, when 
you want to send the charge of a 
battery through it? 
' Tut6r. Yes; and by dramng out 
the wires, the balls may be separated 
to any distance less than the length 
of thd ivory. The figure h (Plate i. 
Fig. 12.) represents a press^ which 
may be substituted in the place of 
the table £ 2>. It consists of two fiat 
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pieces of mahogany, which may bet 
brou^ together by screws. 

James. Then instead of tying the-" 
slips of glass together m Ex. 4, yotr 
might have done it better by makkig 
use of the press ? 

' Ttaor. I might ; but I was will- 
ing tp show you how the thing mi^fe 
be done, if no such apparatus as this 
were at hand. The use of the tabfe' 
afid press, which, in fact, always go» 
together, is for keeping steady all de*- 
striptions of bodies through which the 
charge of a single jar, or any number' 
of which a battery consists, is to be- 
conveyed. We will now proceed with 
the ei4)eriments. 

£x. 6. I will take the knobs 
from the wires of th^ -tftuverslal 
discharger, and having laid a piece 
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ei very dry writing papei! on the 
table £, I place the points of the 
wires at an kich or more from one 
another; tben^ by connecting one 
of the rings c ^irith tiie outside wire 
or hook of the battery, and bringing 
the dischai^ing-rod from the other 
ring c to one of tfae knobs of the^ 
battery, yoa will s^e that the paper 
will be torn to pieces. 

£x. 7. The expeiiment which I 
am now going to make^ you must ' 
never atteoipt by yourselves : I put a 
little gunpowder in the tube of a quilH 
open at both ends, and in^rt the 
pointed extremities of the two wires 
i& it, so as to be within a quarter of 
an inch or less from each other.. I 
now send the charge ^ of tba batterj^^ 

V0L..VX. • K N 
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through it, and the gunpowder, you 
see, is instantly inflamed. . 

Ex. 8. Here is a very ilender 
wire, not a hundredth part of ati inch 
in diameter, which I connect' with 
the wires of the discharger, and send 
the charge of a battery through it, 
which will completely meltMt, and 
you now perceive the little globules of 
iron instead of the thin w5re. - ^ 

Ckarks. Will other wires besides 
iron be malted in the same manner? 

Tutor: Yes, if the battery be 
large enough, and the wires suffi-^ 
ciently thin, the experiment will suc- 
ceed with 'them all : even with a single 
jar, if it be pretty large, very slender 
wire may be fused. But the charges 
Of b«tteril?s have been used to deter- 
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^hie the different conducting powei^ 
of the several metals. 

Janks. If the charge is not strong 
enough to melt the wire, will it make 

Jt red hot? 

Tutor. It will : and when the ex- 
periment is , properly done, the course 
of the fluid may be discerned by its 
effects : for if the wire is about three 
iftcbes long, i,t will be seai that the 
end /of it, which is connected with 

^the inside. 'of the battery, is red-hqt 
first, and the ; redness proceeds to- 
wards the other. 

Charles. That is a clear proof that 
the superabundant electricity accu- 
mulated in the inside is carried to the 

' outside of the jars. 

Tutor. Ex. 9. We have in the last 
volume discussed the subject of mag- 



'tietism: and we may here obsenre 
that by dischar^og ihebattery tteou]^ 
41 small sewing needle, it wili become 
magnetic, that is, if the needle be ac- 
curately suspended on a small piece of 
tork id a basin of water, one end will, 
t>f itself, point to the north, and tfaie 
otbeir to the south. 

Ex. 10. I wih lay t})is <:bain on a 
/she^t of writin^paper, and send tbe 
'Charge of the battery through tbe 
chdn ; and you will see black marks 
will be left on the paper in those 
pladS where the rings of the chain 
touch each otber« 

, Ex; 11. Place a ^midl piece of 
very dry wood between tbe balls of 
Che universal dischargeiB so that tbe 
fibres of the^ wood may be in the di- 
jrection of tbe wires> and pass the 
charge of the battery through them, 
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the wood will be torn in pieces. The 
points of tlie wires being riyi into the 
wocxdy ^nd the shock. passed through 
them, will efTect the same thing. 

£x. 12. ^ere is a glass tube, 
open at both ends, six inches long, 
and a quarter of an inch in diameter. 
ThesjB pieces of cork, with wires in 
them, exactly fit the ends of the tube. 
I put in one cork, and fill t^e tube 
with water, then put the other cork 
in, and push the wires so that they 
nearly touch, and pass the charge of 
the battery through them, you see the 
tube is broken, and the water dis* 
persed ia every direction*. 

* To prevent accidents, a wire cage, such 
as is used in some experiments on the air- 
pump, should be put over the tube before the 
discharge is made; yonng persons should* not 
attempt this experiment by themselves. 
K 3 



Charles. If wat^r is a good con* 
ductor, how ls it that the charge did 
not run through it without breaking 
the tube? 

Tuf&r. The electric fluid, like com- 
mon fire, converts the water into d 
highly elastic vapour, which occupying 
very suddenly a much larger space 
than the water, bursts the tube before 
it can eflect any means of escape. 
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CONVERSATION X. 



Cf the Electric Spark, and Miscelkh 
neous Ej^eriments. 

TUTOR. I wish you to observe 
some facts connected with the elec- 
trie spark. By ciieans of the wire 
inserted in this ball, I fix it to -the 
end of the conductor^ and bring 
either another brass* ball, or my 
knuckle to it, and if the machine act 
pretty powerfully, a long crooked, 
brilliwir^afk^ will pass between the 
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two balls, or between the knuckle 
and ball. If the conductor is nega- 
tive, it receives the spark from the 
body; but if it is positive, the ball 
or the knuckle receives the spark 
frotn the conductor. 

Charles. Does the size of the 
spark depend at all on the size of the 
conductor? 

Tutor. The longest and largest 
sparks are obtained from a large con- 
ductor, provided the machine act 
very powerfully. When the quan- 
tity of electricity is small, the spark 
is straight; but when it is strong, 
and capable of striking at a greater 
distance, it assumes what is called a 
zig-zag direction. 

James. If the electric fluid is fire, 
why does not tl^e spark, which ex- 



(Cites a painful sensation, burn mc^ 
when I receive it on my hand? 

Tutor. Ex. 1. I have shown you 
that the charge from a* battery will 
make' iron wire red-hot, and inflame 
^npowder. Now stand on the stool 
-with glass kgSy and hold tiie cham 
from the conductor with one hand. 
Do you, Charles, hold this spoon, 
which contains some spirit of wine, 
to your brother, while I turn the 
mabbiae, and a spark taken from his 
knuckle, if large, will set fire to the 
spirit. 

Ckarks. It has indeed. Did you 
do nothing with the spirit? 

Tutor, I only made the silver 
spoon pretty warm before I put tjie 
spirit into it. 

Ex. % If a ball of box-wood be 
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, placed on the conductor instead of 
the brass ball, a spark taken from it 
will be of a fine red colour. 

Ex. 3. An ivory ball placed' on 
vthe conductor will be rendered very 
.'beautiful and luminous if a strong 
spark be taken through its ceiitre. 

£x. 4. Sparks taken over a piece^ 
of silver leather appear of a green 
colour, and over gilt leather of a red 
colour. 

£x. 5. Here is a glass tube 
(Plate !• Fig. l3.)> round which, at 
small distances from each other^ 
pieces of tin foil are pasted in a 
spiral form, from end to end : this 
tube is enclosed in a larger pne, fitted 
with brass cups at each end, which 
$ire connected with the tin foil of the 
inner tube. — I hold one epd a in 
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my hand, and while one of you tuna 
the machine, I will present the other 
end B to the conductor, to take sparks: 
from it. — But first shut the window- 
shutters. 

Charles. This is a very beautiful 
experiment. 

Tutor. The beauty "of it consists 
in the distance which is left between 
the pieces of tin foil, and by in- 
creasing the number of these di- 
stances, the brilliancy is very much 
heightened. 

Ex. 6. The following is another 
experiment of the same kind. Here 
is a word, with which you are ac- 
quainted (Plate II. Fig. 14.), made 
oti glass, by means of tin-foil pasted 
on glass, fixed in a frame of baked 
.wood. I hold the frame in my hand 
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at H, and present the ball o to the* 
conductor, and at every considerable/ 
spark the word is beautifully illu^ 
minated. 

Ex. 7. A piece of sponge fiWeA 
mtix water, and hung to a conductor^ 
when electrified in a darX room, 
bibits a beautiful appearance. 

Ex. 8. This bottle is charged : 
i£ I bring the brass knob that stands- 
out of it, to a basia of water which 
is. insulated, it will attract a drop; 
and, on the removal of the /bottle, it 
will assui:ne a conical shape, and if 
brought near any conducting sub^ 
stance, it will iSy to it ' in luminous 
streams. 

Ex. 9. Place a drop of water on 
the conductor, and work the ma- 
chine, the drop will aiFprd a long 
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spftfb, assume a Gonical figure, and 
carry aoiBe of the water mth it 

Ex. 10. On this wire I have fixed 
a pieoe of seaUi^-fwax^ and having 
fixed the wire into the end of the oon^ 
doctor, I JwiU light the wax, and the 
mdnaeiit the machine k worked^ the 
was wltl, fly aif in the finest filaments 
imagkial>le. 

Ex. 11. I will wrap soteie cotton- 
wool round one of the knobs of my 
(&ahargmg-rod, and fill the wool with 
finely brubed vesin 2 I now disdiarge 
a Leyden jar, or a battery, in the 
common way, and the wool instantly 
ifi a bt^ze. The eovered knob mu$ti 
touch Ae knob of the jajr, and the dis^^* 
charge should he ti&cted a$ quickly 
as possiUb. • 
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You will remember djat the elec- 
tric fluid always chooses the nearest 
road, and the best conductors to tra- 
vel by; in proof of which take the fol- 
lowing experiment: — 

Ex. 1£. With this chain Imake 
a sort of w (Plate i. Fig. 15.), the wire 
w touches the outside of a charged 
jar, and the wire is brought to the 
knob of the jar, and in the dark a 
brilliant w is visible. But if; the 
wire W' is continued. to m^. the electric 
fluid. takes . a shorter road to dnd,. 
of cour^^B only .half of the w: is seen, 
viz. that pai^t marked m zy: but if, 
instead of the wire tw, a dr^ stick 
be. laid in its -place, the dejtlarifi m^Xr 
ter will prefer a longelr .circuit, ra- 
ther than go through a bdd con- 
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ductor, and the whole w will be ilia- 
minafeed. 

Ex. 13.: Here is a two*ounce 
phial, half full of sallad-oil, through 
the cork is passed a piece of slender 
we, the end of ^ which, within the 
phial, is so }}ent as to touch the glass 
just below the surface of the oil. I 
place my thumb opposite the point 
of the wire in the bottle, and in that 
potion take a spark from the charged 
conductor. You observe that the 
spark, to get to my thumb, has ac- 
tually perforated the glass. In the 
same way I can make holes all round 
the phial. 

Charles. Would the experiment 
succeed with water instead of oil? 

Tutor. No, it would not. 

James. At any rate we see the 

L2 ' 
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course tS the electric fluid m thit et- 
perimeDt; for the spark coxim from 
the conductor da^n the* Wire, and 
trough the glass to the thuinb. 

'Ihtor. its direction is, kowever, 
better shown in thia way. 

£x. 14. At that end of the con- 
ductor which is farthest from the mn- 
chim, I fix a bras^ witie aboot Sik 
inches long, having a small brass ball 
on its extremity. To this ball, when 
the machine is at work, I hold the flaose 
of a wax tapen ; . , 

Charksk The. flame is qvidently 
blown from the ball, in the direction 
of .the electric fluid : it has a' Similar 
effect to the blast of a paiir of bel- 
lows. 

Ex. 15. I will fix a pointed wire 
upon the prime conductor, with the 
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pokt outward, and ''another like wire 
upon the insulated rubber. Shut the 
window-shutter, and I will work the 
machine: now observe the points of 
the two wires. ^ 

James. ^ They both are illuminated^ 
but differently. The point on the 
conductor sends out a sort of brush 
of fire^ but that on the rubber is illu- 
minated with a star. 

Tutor. You see then the difference 
between the positive and negative 
electricity. 



x3 
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Miscellaneous Experiments-'''^ the 
illectrophon4S--^Qf the Ekctrme- 
tcTf and the Thundisr House. 

TUTOR. I shall proceed thu; 
mornmg ivkh some other experioients 
on the electrical machine. 

Ex. 1. Here are two wires, one 
of which is connected with the out*- 
side of this charged Leyden jar, the 
other is so bent as easily to touch the 
knob of the jar. The two straight ends 
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I bringlykbm tbe dUtiinc^, of the tenth 
<tf m iafdi of <Hi6 aciotherj w4 ^eM 
tiiem $}ow<i with my thumb, add ki tbU 
poaikkm, iMiying darkepiefl the room^ I 
discharge the jar. Do you* look upon 
my thumb. 

Ckarks. It was ^o transparent tiiat 
I thiak I even saw the boqe of the 
lhiHnh.*T^tdid it not hurt you very 
wacbr' 

Tutor. With attention, you might 
obMrve the print;^[>al blood vessel), I 
believe; and the only ipconvenieaoe 
that I fek Wad a sort of tremourin my 
thtandii whkh is by to meios paklK 
IbK Had the wires been at double 
tiie distance, the ehocfc would have 
pro^Uy mAde loy tbmib the cir- 
euit, which must have caused a mere 
powerfol tad itopleoMfit senaation, 
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but bebg so dose, the electric fluid 
leaped from one wire to the otiier, 
and during this passage it illummated 
my thumb, but did not go through 

it , 

Ex. 2. If, instead of my thumb, 
a decanter full of water, having a 
flat bottom, were placed on the wires, 
and the discharge made, the whole of 
the water will be beautifully illu* 
minated. 

Ex. 3. This small pewter bucket 
is full of water, and I suspend it from 
the prime conductor, and put in a 
glass syphon, with a bore so narrow 
that the water will hardly drop out 
See what will happen when I work the 
machine; but. first make the room 
dark. i 

James. It runs now in a foil stream ^ 
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or mther in several streamSi all of 
wbidi are illumsiiate(i|« 

Tut&r. Mx. A. If the knob « 
(P1Mq.ii. Fig. i6.) cotiim^icate with 
the Qqt^idd of a charged Leyden jar, 
and the knob 6 with the inside cost- 
ing, and esioh be held about two 
iAda^ fmm the lighted duadle and 
o{>posit6 to 01^ anothiBi-^ the flMae 
will spread towards each, and a dia^ 
charge will be made thAmgh it: 
this shows the conducting power of 
flame. . . 

This instrument (Plale i£. Fig. 170, 
which consists of two circular platen, 
of which the largest b iir about jSAeen 
inches in diameter, and tbte other a 
icHirte^ inches^ is called an tkitr^- 
pborus. The tmder plaiSil b is unade 
of glass^ or eealii^-waxi or of any 
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Other nochCQnducting substance: I 
have made one with a mixture of 
pitch and chalk boiled together. 
The upper plate a is sometimes 
made of brass, and sometimes of tin 
plate, but this is of wood, covered 
▼ery neatly with tin foil : is a glaiss 
handle fixed to a socket, by which the 
upper plate b removed from the under 
one. 

Charles. VflaX do you mean by an 
dectrophorus? 

Tutor. It is, in fact, a sort of 
simple electrical machine, and is 
thus used. Bub the lower plate B 
with a fine piece of new flannel, or 
^ith rabbit's, or hare's, or cat's skin, 
and when it is well excited, place, 
upon it tlie upper plate a, and 
put your finger on the upper plate: 
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then remove thi3 plate by the glass 
handle spy aad if you apply your 
knuckle, or the knob of a coated jar^ 
you will obtain a spark. This opera- 
tion may be repeated many times 
without exciting again the under 
pkte. 

James. Can you charge a Leyden 
jar in this way? 

Tutor. Yes/ it has.beien done, and 
by a single excitati(»Q^^90 as to pierce 
a hole through a card. , 

Here is another kind qf electrome- 
ter (Plate 11. Fig. 18.), which is by far 
the most sensible that has b.een yet 
invented; that is, it is, capable of 
discovering the smftU^i^t quantities ,9f 
electricity, a is a gla^s jar^ b thq 
coyer of metal, to which are attached 
two. pieces of gold jepf .r, or t\Yo pith- 
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balls suspeoded en threads: on the 
i^es of the- glass jar are twa narrow 
strips of tin foil. 

Charles. How is this instrurtient 
used? 

Tutor. Any thing that is electri- 
fied is to be brought to the cover, 
which will cause the pieces of gold 
leaf, or pith-balls to diverge; and 
the sensibility of this instrument is so 
great that the brush of a feather, the 
throwing of chalk, hair-powdei*, or 
dust, against the cap b, evinces strong 
signs of electricity. 

£x. 5. Place, on the cap b, a little 
pewter, or any other metallic cup, 
having some water in it: then take 
from the fire a live binder, and 
put it in the cfup, arid the elec- 
tricity of vapour is very Admirably ex- 
hibited. 
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A thunder-cloud passbg over this 
instrument will cause the gold leaf 
to strike the sides at every flash of 
lightning* 

Ex. 6. I will excite this stick of 
sealing-wax and bring it to the cover 
b: you see how often it causes tlie 
gold leaf to strike against the sides of 
the glass. 

James. Are the slips of tin foil in- 
tended to carry away the electric fluid 
communiciftted by the objects presented 
to the cap b ? 

TutoT.s They are ; and by them 
the equilibrium is restored. 

■ ; .s> 
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CONVERSATION Xil. 



Of Atmospherical Electricity, 

CHARLES. You said yesterday, 
that the electrometer was affected by 
thunder and lightning: are lightning 
and electricity similar? 

Tutor. They are, undoubtedly, the 
same fluid ; and that they are the 
^^me, was discovered by Dr. Franklin 

^re tlian half a century ago. 

'ames. How did hp ascertain this 
tricifej 

hibitei 
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• Tutor. He was led to the theory 
from observing the power %hich 
uninsulated points have in drawing off 
the electricity from bodies. And 
having formed his system, he was 
waiting for the erection of a spire, in 
Philadelphia, to carry his views into 
execution, when it occurred to him 
that a boy's kite would answer his pur* 
pose better than a spire. He there- 
fore prepared a kite, and having raised 
it, he tied to thie end of the string a 
silken cord, by which the kite was 
completely insulated. At the junc- 
tion of the two strings he fastened a 
key as a good conductor, in order to 
take sparks from it. 

Charles. Did he obtain any sparks? 

Tutor. One cloud, which appeared 
^ke a thunder-cloud, passed without 
H 2 
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any effect; shortly after, the loose 
threads of the hempen string stood 
erect, in the smne manner as they 
would if the string bad been hung on 
an electrified ir>^ulated conductor. 
He then presented his knuckle to tiae 
jsey, and obtained aa evident spark. 
Others succeeded before the string 
was wet, but whesa ihe mn bad wetted 
the string, he collected tiie electricity 
tveryplenttfully: 

Led by iiie phe^>hor light, with daring 

tread, 

Immortal Franklin sought the fiery bed;' 
Where, nnfs'd in night, incumbent tfciwpcrt 
dliTOudI 

The seeds of thunder in circuttifliient doufify 
Besie^M with iron, points his atry cell, 
And pierced the x^onster slumb'hng the 
shdl. ' . 



Jmei. Could I dp so with our 
large kite? 

Tutor. I hope you will not try 
to rsise your kite during a thunder 
storm, because, witbocii: very great 
care, 4t may attended with the most 
serious danger. Your kite is how- 
ever quite larger enough, bang four 
feet high, and two feet wide: every 
tiimg depends on the string, whicb^ 
according to Mr. Cavallo, who has 
made many experiments on the sub* 
ject, should be made of two thin 
threads of twine, twisted with a cop-^ 
per thread. And to Mr. Cavallo's 
work on electricity, vol. ii. such per- 
sons as are desirous of raising Idtes, 
for electrical purposes, should be re« 
ferred,' in which they will find ample 
instruction. 

M3 



ClMpks. i|o\fr do tiiie condn^rs, 
which I have seen fixed to vacious 
b^ldivgs^ act ia €tis|)eraing ligbtaing ? 
• Til/or, YicHi know how easy it is 
to chai^ a Ley4$n jar : tnit if, when 
tbemacliiM isi/at work, a person hfld 
a point of sftecj^. or other iiMita}, mm 
the coti<liittor» tiai^ :graatar pat^ of 4ha 
flind will cuii A^Mayifl^ that jlotdit ^lat 
stead of ]>ro€eeditig.'to tbe jar. lieocft 
k If^as concluded that pointed -reds 
would BileBtly ^fk^fv awfiy tb^ %hfe« 
fkig tfosti olotids i|)a$$ing over any 

Jsmes. Is tbf re not a patlkulai' 
method of fixijigthof^? 

Tut^r. Yes: ;the.iiietallicrodiBii£t 
reaohfrtHn the ^Foaad, or the nearest 
piece of water, to a fD^t or two alMY^i 
the building it is intended |o pwt(96^ 



and tbetroaiod^ihould domeJiQA^ne 
^nt. Some cleotrtciari» inotiibtBAeod 
that the pointshodd be of 410 
ixrerent ks rustiog. 

Charts. Winut eiects Hvoold be 
produced^ if li^mng sbocAd ^strike a 
building withoat a. coaduotor ? 

Tuton. That mi^ be * best ex« 
plaioedy by. iiifonnoi^ you ^of vfkmt 
happened^ miiny jiears bgo, »to 
Srkie's cburch. The lighbiiiig fimt 
stnick the weathercaocfcy from tbmte 
fleaceadtng in progress, k beat out 
a number of large. Btones of different 
be^^ika^'Mnie jof vbicb fel upon the 
loof of ibO' dmrch, asd did great 
damage to it .Tte jm^cbief .doae to 
the steeple mm to iconsiderable, Aat 
of^tg-ihve feet of it^vas dbliged to he 
taheaitowQ. 
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James: The weatibertodc was 
probably inade of iron, why did uot 
that act as a conductor ? 

Tutor. Though that was made of 
iron, yet it was. completely insulated 
by being fixed in stobe, that had be* 
come dry by much hot and dry wea^ 
ther. When therefore the lightning 
had taken possesion of tise weather* 
cock, by. endeavouring to force its way 
to another conductor, it beat down 
. whatever stood in its way. 
: Charles. The power of lightmng 
must be very great 

Tuter. ItisirresistiUeiniteeffiBCts; 
the following experiment will illustrate 
what I have been saying. 

Ex. 1. A is a botfd (Plate ii. 
Fig. 19.) representing tihie ^ble end 
of a house: it is fixed on another 



boeid b: 4tbio4 iseL squoiire bole, to 
vbiqh a pWe? of wood is fitttKjl ; a d 
represents a wire fixed di^nally on 
tbe wood a d c rf; jr 6 terminated by 
a knob a*, represents a weathercock, 
atid th0 fwire C z is fixed to the 
board a, . 

. Il is. evident that in the state in 
wbieh it is drawn in ti)e %im, tlwse 
IB an iaterrupticm m tbe eondudting 
rod; . ac^ordie^Iyi if the: chain is 
oonnected with tbe outside 6f a Lejir* 
den phial, and tbea that phtal b dis- 
eharged tfinough *r, by brin^g oae 
part of the difidiargR^ rod to tbe knob 
of the Leyden phtal, and the other to 
within an inch or two of Sy^t pieoe of 
wood abed will be thrown out with 
violence. ' . . / 

James. Are we to ondentand fcy 
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this experiment, that if the wire .r b 
had been continued to the chain, that 
the electric fluid would have run 
through it vridiout disturbing the loose 
board ? 

Tutor. Ex.fi. Just so; for if die 
piece of wood be taken out^ and the 
part a be put to the place then d 
wfll come to c, and the conducting 
rod will be complete, and continued 
frcm i:* through b^c to Zj and now 
tiife phiai may be« discharged as oSbssn 
as you pliease, but wood wfll ce* 
main in its place, because tbi^ ele^ie 
fluid runs tkroo^ the mte to Zy and 
makes-its ivay by the chain to the out- 
side of tiie phial. 

Cbatlcs. Then if be supposed 
the weathercock of the church, the 
ligbtmng bavbg overcharged tbis^ 
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by its endeavours to reach another 
conductor, as c ^2:, forced away the 
atone or stones represented hyabcdf 
Tut&r. That is what I metot to. 
ccmv^y to your mbds by the fir&t ex- 
periment; and the second shows very 
clearly that if an iron rod had gone 
from the weathercock to the ground^ 
without interruption, it wouM hayer 
conducted away the dectricity siltttly^ 
and without doing any. injury to the 
church. 

Jams. How was k ^bat all the 
stones were not .beat down ? .j 
. Tutor. Because, io its pasisage 
downwards, it: met: with many other 
conductors. I will read part of what 
Dr. Wiateon says <!h%thi8 fact, who ex-. 
amified it very attentively: — 

The lightning,'* says he, "first 
took a wmlheroQck) whiob was fixed 
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at the top cf the steeple, and ims con* 
ducted wftboot injuriog the metal or 
ai^ thing dse, as low as where 1km 
large iron bar or spiadle which sup-^ 
ported it terminated; there tiie m0- 
tallic comiiiuiiication ceasing, part of 
the Hgfatning exfdodedi cracked and 
shattered the obelisk which termi* 
nated the spire of the steeple, in its 
whole diameter, and threwiofl^ at that 
place, sfvefal Isr^ {wces of PortidiuL 
stone. Here it likewise removed a 
slone*(irom its place, but not far cnoogh 
to be thrown down* fVom idieneetha 
li^itniog seemed to have sushed upon 
two boinaontal iron bars, which vera 
placed within the budding evoss eacb 
othePw At 'the end oC oae^ ibesd 
iron bars^ it expleded;< agab, and 
threw off a tKxtsidefable <}uantity of 
stone. Almoi^ 'aU the ^damage wax 
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done wh^re the ends of the iron bars 
bad been inserted into the stone, or 
placed under it ; and, in some places, 
its passage might bp traced from one 
irpn bar to anbthisr/" . 

The thunder holds his black tremendous 

throne ; 

From cloud to clgud the rending lightninfi 
rage; 

Tril,* ih the furious elemental war 
DissdlVd, the w&dle pr«eipitalted mass 



i'. > : > i .\o .\ 



VOL. VI. N 



134 SI.SCTBICITY. 



CONVERSATION XIII. 



On Atmospheric Ete^tricity-^Of Fall" 
ing Stars — Of the Aurora Boreatis 
—Of rVater-spouts and JVfnrl- 
winds^Of Earthquakes. 

CHARLES. Does the aii^ always 
coDtain electricity? 

Tutor. Yes; and it is owing to the 
electricity of the atmosphere that we 
observe a number of curious and 
interesting phenomena^ such as fall- 
ing stars ; the aurora borealis, or north- 
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ern lights; the ignis fataus, or Will-* 
with-thc-wisp. ^ 

James. I have frequently seen 
what people call fi^Uing stara, but I 
never knew that they were occasioned 
merely by electricity. 

2Wor. These are seen chiefly in 
clear and calm weather: it is then 
that the electric fluid is probably not 
very strong, and parsing through the 
air it becomes visible in particular 
parts of its passiige, according to the 
conducting substances it may meet 
with; One of the most striking phe- 
nomena of this kind is recorded by 
Sighior Beccaria.^As he was sitting 
with a friend ixk the open air, an 
hoiir after sun-set, they saw a fall- 
ing, or, as it is sometimes called,, a 
shooting star, directing its course to- 
N 2 
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wards them, growing, apparently, 
larger and lafger, till it disappeared 
not far from them, and, disappearing, 
it left their faces, hands, and clothes, 
with the earth and neighbouring ob- 
jects, suddenly illuminajted with a 
diffused and lambent light, attended 
with no nobe at all. 

Charles. But how did he know 
^t this ^"as only the effect of elec- 
tricity? 

Tutor. Because he had previously 
raised his kite, and found the air very 
much charged with the dectric matter : 
sometimes he saw it advancing to his 
kite like a fitUingstar; and sometimes 
he saw a kind of glory round it, 
which followed it as it changed its 
place. 

James. Since Ictfty objects are ex- 
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posed to the effects of lightning^ iOr 
the electric fluid, do not the tall :ina:sts 
pf ships run considerable risk of being 
struck by it? 

' i Tutor. Certainly : we have many 
instances recorded of the mischief 
done to ships. One of which is re^ 
latcd in the Philosophical Transact 
tions; it happened on board the 
Montague, on the 4th of November, 
1748, in lat 42" 48Und 9' 3' west 
longitude, about noon. One. of the 
quarter-masters desired the mastei^ of 
tiae vieasel to look to the windward, 
when he observed a large ball of blue 
fire, rolling apparently on the sur- 
face of the water, at the distance of 
three miles from them. It rose al- 
most perpendicular when it was with* 
io forty or. fifty yards fi-om the main- 
N 3 
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diahia of the ship, it then wetdt off 
with an explosion, as if a hundred 
cannon had beea fired at one time, 
and left so strong a smell of sulpfanr^ 
that the ship seemed to contain jio- 
thing else. After the noise had sub* 
sided, the main top-mast M^as found 
shattered to pieces, and the mast it* 
sdf was rent quite down to the keel. 
tiw men were knocked down, and 
one of them greatly burnt by the eXr 
plosion. 

Chatks. Did it not seem to be a 
very large ball to have produced suck 
effects? 

Tutor. Yes : the person who no- 
ticed it said it was as big as a mill- 
stone. 

The aurora boreaiisl is anctdier 
electrical phoiomenonf^ this is ad- 



nitted trithotrt any t^itatttM, -be- 
GdAise electnciai^ readSy^miiteMf 
the appearance wiA tfeeir^ experi- 

James. It must be, I should^ think, 
on a rery smalt dcale. ♦ 

Tutor. True : there is a glass tube 
thifty Inches ^ong, the 
diameter of it -is about two Inehles; 
it is nearly exhausted of air, and 
capped on both ends with brass. I 
now connect these ends, by means of 
a chain, With the positive ^nd negative 
part of a maohine, and in a dark« 
ened room, you will see, when the 
machine , is worked, all the appear- 
ances el the nbfthefn lights in the 
tube. ' 

Charles, trbyis itnecessapy^ikrly 
to exhaust the tube? 
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ftirj in its 

tural 3tate, i>/ a very bad cdnductor 
of the electi;ic fluid; but when it is» 
perhaps, rendered some hundred times 
rarer than it usually is, the electric' 
fluid darts from one cap xL the otber^ 
with the greatest ease. 

James. But tve see the aurora bo-* 
realis in common aiiv^ 

Tutqr. We do so'; it is, however, 
in the higher regions of the atmo- 
siphere, where the air is much rarer 
than it is near the surface of the earth. 
The experiment which you have just 
seen accounts for the darting and un-< 
dulating motion, which takes; place be- 
tween the opposite parts of the hea- 
vens. The aurora borealis is the most 
beautiful and brilliant in countries 
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in the high northern latitades^ as m 
Greenland and Iceland. 

Charles. I remember the linfes on 
this subject: 

By danciag ipetpors . . : '^easdcss shake 

A waving blaze ref ^veas. 

And vivid moons, anu . 

With double lustre from the 

Ev'n in th6 dc^th of polar night, 

A vroiklrous 4ejr j ^ough to iight 

Or guide their daring steps t» Finlanu ' ) 

Tutor. The aurora borealis that 
.was seen in this country on. tliei fitSd 
of October, in the yesr 1804| ii^ de- 
serving of notice. At fflnren in. tiie 
evening a luminous arch was seen 
from liie coitre of London extood- 
iog from ooe point of the hotwfitj 
' al^ont s. s.w. to another pdnt y. i^.w. 
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and passbg the middle of the con- 
stellation of the Great Bear, which 
it, in a great measure, obscured. It 
appeared^ to consist of shining via* 
pour, and to roll from the south to 
the north. In about half an hour, 
its course was changed; it then be-^ 
came vertical, and about nine o'clock 
it extended across the heavens from 
N.E. to s.W;.; at intervals, the con- 
tinuity, of the luminous arch was 
broken, and there then darted from 
its. sohth-west quarter, towards the 
zenid),: strong flashes/and streaks of 
bright red, similar to w^t appears 
in the atmosphere during a great fire 
in any part of the metropolis. For 
-aev^al hours the atmosphere was as 
Jigbtdn the south-west as if the sun 
had set t>at half an hour^ ^and the 
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l^t in the north resembled the strong 
tivilight which marks that part of the 
horizon at Midsummer. Thomson, 
speaking' of the aurora borealis, and 
other meteors, says — 

Silent from the north, 

A' blaze of meteors shoots; ensweeping first 
The lower skies, they all at once converge 
High to the crown of heaven, and all at once 
Relapsing quick, as quickly re-ascend. 
And mix and thwart, extinguish and renew, 
All aether coursing in a maze of light. 

James. How do you account, sir, 
for the Will-witbrthe-wisp, or Jack^a- 
lanthoni, tliat is close to the grounds 
where the air is tiiick:est? 

. Tiaaf\ This is a meteor which 
seldcan appears mpre than , six feet 
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above tb6 grouod; it is always about, 
bogs and swampy places, and these, 
in hot weatberi emit what is called 
inftammable air, which is easily in^ 
flamed by the electric spark. These, 
therefore, as you shall see in our che- 
mical experiments, we can as rtodily 
imitate as the aurora borealis.— In 
some parts of Italy, meteors of this 
kind are frequently very Large, and 
give a light equal to that of a 
torch- 

JVater-spoutSy which are sometimes 
seen at sea, are supposed tb arise from 
the power of dectricity^ 

Charles I have heard of these, but 
I thou^ttbat water-spouts at sea, and 
whirlwinds and hurricanes by land; 
^ere. produced seleiy by the ibrce of 
tfafi.wkid. ' ^q.?.' ' -^c' i. 
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Tutot\ The wind is, undoubtedly, 
one of the causes, but it will not ac- 
count for every appearance connected 
with them. Water-spouts are oftea 
aoen in calm weather, when the sea 
seems to boil, and send up a smoke 
under them, rising in a sort of hill 
towards the spout. A rumbling noise 
,h often heard at the time of tJieir 
appearance, which happens generally 
in those months that are peculiarly 
subject to thunder-storms, and they 
^*e commonly accompanied or fol- 
lowed by lightning. When these ap- 
proacli a ship, the sailors present and 
brandish their swords to disperse 
tliem, which seems to favour the con- 
clusion, that they ai'e electrical. 

James. Do the swords act as con- 
ductors ? 

VOL. VT. O 
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^ Tutor. They may, certainly; and 
it is known that by these pointed in- 
struments they have Jbeen effectually 
dispersed. 

'^riie analogy between the pheno- 
mena of water-spouts and electricity, 
may be made visible by hanging a 
drop of water to a wire, communi- 
cating with the prime conductor, ainl 
placing a vessel of xvater under it. In 
these circumstances, the drop assumes 
all the various appearances of a water- 
spout, in its rise, form, and mode of 
disappearing. 

Water-spouts, at sea, a.re undoubt- 
edly very like whirlwinds and hurri- 
canes by land*. These sometimes tear 
np trees, throw; down buildings, make 
caverns ; and, ill all the cases, they 
scatter the earth, bricks, stones, tim- 
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J ber^ &c. to a great distance in every 
direction. Dr. Franklin mentions a 
remarkable appearance^ which oc- 
curred to Mr. Wilke, a considerable 
electrician. On the 20th ^of July, 
1758, at three o'clock in the after- 
noon, he observed a great '^quantity 
of dust rising from the ground, and 
covering a field, and part of the 
town in which be then was. There 
WBS no wind, and the dust moved 
gently towards the east, where there 
appeared a great black cloud, which 
electrified his apparatus positively 
to a very high degree. This cloud 
went towards the west, tlie dust fol- 
lowed it, and continued to rise higher, 
and higher, till it composed a thick 
pillar, in the form of a sugar ,loaf, 
and at length it seemed to be in con- 
tact with the cloud. At some di- 
02 
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Stance from this, there came atiothef 
great doud^ with a long stream of 
smaller ones which electrified his ap* 
paratus negatively, and when they 
came near the positive cloud, a flash 
of lightning was se^ to dart through 
the cloud of dosl^ upon wliich the 
negative clouds sfread very moch> 
and dissolved; in raan, which preaecktly 
cleared the aftntfospherej' 

Ckarle^. Is tkiii tben ari electrieaL 
pfa#n6me«»onP 

' liaor. The mofet eniigfatened and 
best informed eleetriciiEins ireckaik 
min^ haili* and si^iow, among the 
eff^ct$ produced by the electric 
fluid;'^ 

James. I>o» the nsgfttive and pOt- 
sitiv^ cknads act in. the saiilie mmder 
as the oatsid)^ and inside coatings 
a changed L^yden^ jar? 
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Tutor. Tbunderrclouds frequently 
do nothing more than conduct or 
convey the electric matter from one 
place to another. 

Charles. Then they may be com- 
pared to the discharging-rod. 

Tutor. And perhaps, like that, 
they are intended to restore tlie equi- 
librium beti^en two places/ one of 
which has too much, and the other 
too little of the electric fluid. The 
following is not an un<!^ommon ap- 
pearance : a dark cloud is observed to 
attract others to it, and when grown 
to a considerable size, its lower sur- 
face swells in particular parts towards 
the earth. During the time that the 
cloud is thus forming, flashes of light- 
ning dart from one part of it to the 
other, and often illuminate the whole 
mass ; and small clouds are observed 
o3 
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movkkg rapidly beReotb it. When the 
cloud has acquired a sufficient exteiU;^ 
the lightmng strikes the earth in two 
opposite places. 

JoUfnei. I wonder the discharge 
does not shake the eai^h^ ds the 
qharge of a jar does any thing 
tlirough which it passes. 

Tutor, Every discharge of cloiids 
through the earth may do this, th<nigh 
it is im perceptible to us,. 

Ea^rthquakesi are probably occa*' 
sioned by vast discbafges of the elec^ 
trie fluid: they happen mostfreqaeatly 
in dry and hot eountfiesi vrhich are 
subject to lightnkig, and other elec- 
tric, phenomena : they are evcir fore- 
toM by the electric coruscations, and 
other appeairances in the atr for some 
daiys preceding the event. Besides,, 
the shock of m eatth<|t3dke is in- 
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stantaneous to the greatest distances. 
Earthquakes are usually accompa- 
nied with rain, and sometimes by the 
most dreadful thunder-storms : 

How greatly terrible^ how^ dark and deep 
The purposes of Heaven ! At once overthrown, 
White age and youth, the gyilty and the just, 
Oh, seemingly severe ! promiscuous fall. 
Reason, whose daring eye in vain explores 
The fearful Providence, confused, subdued 
To silence and ama^tilcnt, with dm praise 
Acknowledges th' Almighty, and adores 
His will unerring, wisest, justest, best, 

MaIlet. 
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CONVERSATION XIV. 



Medical Electricity/. 

TUTOR. If you stand on the 
stool with glass legs, and hold the 
chain from the conductor while I 
work the machine a few minutes, 
your pulse will be increased, that is, 
it will beat more frequently tlian it 
did before. From this circumstance 
physicians have applied electricity 
to the cure of many disorders: in 
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some of which their eia^eavouri have ' 
been unavailing^ in others ibe sue* 
cess has beea very complete. 
' Charles. Did they do nothing raiore 
than this? 

Tmor. Yesy ia some carses th^y 
\mk spark$< froinr their ^ien^y in 
Others they ga^e them shocksi^^ 

Jarm9i. ThisI w4>uld be no pte^sattt 
mefth^d iA cur*, if the shocks *ere 
stiroBg^ 

Tm^r. You know, by Hie«» of 
Lane's electrometer, dtecfibeii ia'ouif 
sewebtte. Oanversiaisk^ (Plitq Jig. 
M)->*be shock may be^eQ ^fr^lig^t* 
ly as you please, * / 

Chairks. Bot bovr arel <hQCiks c»n- 
lieyed tiwos^hi mif part4lf the^ bpdy ? 
' 3W<>r.i There are machiims and 
afip«rtos BEiade' purposely fo# inedidaV 
purposes, but every end may be 
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swered by the instrument just referred 
to. Suppose the electrometer to be 
fixed to a Leyden phial, and the, 
knob at A to touch the conductor, 
and the knob b to he so far off as 
you mem the shocks to 'be we^ or 
strong, a chain or ^vire of su^cient 
length is to be fixed to the ring c of 
the electrometer, and another wire 
or chain to the outside coating: the 
other ends ^ the$e two wires are to 
be fastened to the two knobs .of the 
discharging-rod. 

James. What next is to be done 
if I wish tp Mectrify my knee, for in* 
stance? 

liitor. All you liave to 4I0 is to 
bring the balls of the discharging^rpd 
close to your knee, one on. the one 
side, ^nd the other on the opposite 
mde. 
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Charles. And at every discharge 
of the Leyden jar, the superabundant 
electricity from withinside will pass 
from the knob at a to the knob b, 
and will pass through the wire and 
the knee, in' its^ way to the outside of 
the jar, to restore to both sides an 
equilibrium. - ' ' 

James. But if it happen that a 
part of the body, as an arm, is to 
be electrified, how is it to be done, 
because in that case I cannot use both 
my hands in conducting the wires? 

Tutor. Then you- may seek the 
assistance of a friend, who will, by 
means of two instruments, called di- 
rectorSf be able to conduct the fluid 
to any part of the body whatever. 

Charles. What are directors ? 

Tutor. A director consists of a 
knobbed brass wire, which, by means 
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f>{ a brass ccup, is cemented to a glass 
handle. So the operator holding 
these directors by the extremities of 
the glass handle, brings the balls, to 
whicfa the wir<es or ehatps are at- 
tached, into contact vith the exti%* 
nsities of that part of the body of the 
patient through which the shock is 
to be sent. If I feel rheumatic pains 
between my elbow and wrist, and a 
peraop hold one ^director at the ^elbow 
and a;Do)l^r about the wrist, the 
shodks will pa$s throtagh, and proba- 
bly will be found useful in rernoving 
the <X)mplaMit. 

James. Is it necessary to stand on 
the glass-ftjoted stod to have tWs 
operation performed? , 

Tutor. By «o mear)s : when -shocks 
areadtninistered, the person who re- 
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ceivips ttem jnay stand as he pteaseii. 
either on the stool, w qn ijie ground ; 
the electrie fluid takipg the iiiearieBt 
pas5iige, will ajyvays &icj ;thp other 
knob of the oth^x directoir, yfhicln 
l^ds to the oiiteide of the jar. 

Charles. Is it necessary to jaaake 
the body baa e? 

Tuivr^ Npt io the 4::a*e of «hocks, 
unless the coverings be very thick : 
hut \vhw^ ^park? to he taken, 
then the person from whom they jup 
ilrawu mu3t be insulated, And the 
xlothes ^ould he stripped off the part 

James. For what disorders are the 
^acks and 3park3 chiefly used ? 

Tutiyi\ Shocks have been found 
xisefiil in paralytic disorders ; in con- 
tractions of the nerves ; in sprains, 

VOL. yi, . p 
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and in many other cases; but great 
attention is necessafy in regulating 
the force of the shock, because, in- 
stead of advantage, mischief may oc- 
cur if it be too violent. 

Charles. Is there less danger with 
sparks F . 

Tutor. Yes; for unless it be in 
vefy tender parts, as the eye, there i? 
no great risk in taking sparks: anc 
they have proved very effectual: in 
retnoving many complaints. 

The celebrated Mr. Ferguson was 
seized, at Bristol, with a violent sore 
throat, so as to prevent him from 
swallowing any thing: he caused 
sparks to be taken from the part 
affected, and in the course of an 
hour he could eat and drink witiiout 
pain. 
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This is an^ excellent 'inethod in 
cases of deafness, ear-ache, tooth- 
ache, swellings inside the mouth, &c. 

Jcmes. Would not strong sparky 
jinjure the ear? 

Tutor. They might; and there- 
fore the electric fluid is usually drawn 
with ^ a pointed piece of wood, to 
which it comes in a stream^ or when 
sparks are taken, a very S^all bras^ 
l^all is used, because, in proportion to 
jthe size of the ball, is the size of Jdhe 
spar]^ 



Of A^ms^ EiectrkU^: 4f the iTw^ 
pido} of iH Oyntn&tus EkcfricM^ 

TUTOR. There are three kind* 
of fish which have been discovered 
that are possessed of the singular pro- 
perty of giving shocks very similar 
to those experienced by means of the 
Leyden jar. 

Charks. I should like much to 
see them : are they easily obtained ? 
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Tutor. No, they are not': they are 
called the torpedo^ the gymnotm ekc^ 
irkuSj and the silurus electricw. 

Janies. Are they all of the same 
species ? 

Tutor. No: the torpedo is a flat 
fish, seldom twenty inches long, and 
is common in various parts of the sea 
<:past of Europe. The electric or- 
gans of this fish are placed on each 
side of the gills, where they fill up 
the whole thickness of the animal, 
from the lower to the upper surfete, 
and are covered by the common skin 
of the body. 

Charley. Can you lay hold of the 
fish by any other part of the body 
with impunity? 

Tutor. Not altogether so : for if 
it be touched with one band, it ge- 
p3 



uetdly . ct>mtintiDtfcf&tes : a very dtight 
shock but if it be touched tvitft 
both b&nds; at the same time, ODe 
being applied to the umfer, and the 
other to the tipper surface of the 
body, a shoek will bereceiv^ similar 
to that ^hich is occasioned hy the 
Leydeii jar. 

Jamek Will not the shock be 
Mi if both hands be put on one 
of the electrical <5rgans at the satwe 
time? 

Tutor. No: awd^ thi^ shows tht^ 
ttie upper and lower suifateefe of the 
electric organs are in opposite Stdtes 
of eleotificky, ai»werin^ to the po- 
sitive and negati^ra sidles of a Ini^dbn^ 
phial. 

Charles. Are fSti^ isiiiiie substances 
ocxiductor» of tbe eiectiric pfower of 
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the torpedo, by which artificial dec* 
tricity is conducted ? 

Ttxtor. Yes, they are: aod if the 
fish, instead of being touched by the 
Ibands, be touched by ceiKiifteting snb- 
ftanees as metatis^ the shock will he 
conamimicated through tlj^tti. The 
circuit may also be f^rfned by several 
persons joining hand^, and the shock 
-^iil be felt by them all at the same 
time, fiat the shocic will not pase 
wbere there is the smallest iinterrup- 
ijoQ ; it t^l not even be eonducted 
tfirt)f»gh deh^iii. 

Jmmi Can you get mparts from 
itr > . 

i Tutidf. No- spark ^4s ev^er obtgiin- 
ed from the tof Adr pion-ld electric 
fc^yieii and attjraietion be produced 
liyit 
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Charks. Is it known how thcr 
power is accumulated ? 

Tutor. It seems to depend on the 
will of the animal, for each effort is 
acconl])anied with a depression of its 
eyes, and it probably makes use of it 
as a means of self-defence* 

Jams. Is this the case also with 
the other electrical fishes ? 

Tutor. The gymnotus possesses all 
the electric properties of the torpedo, 
but in a very superior degree. This 
fish has been called the electrical eel, 
on account of its resemblance to the 
common eel. It is found in the large 
rivers of South America. 

Charles. Are these fishes able to 
injure others by this power ? 

Tutor. If small fisl;ies are put into 
the water in which the gymnotus is 
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kept, it will first stun, or perhaps kill 
Ibem, and if the ailiinal be hungry, it 
will then devour tbem. But fishes 
stunned by the gymnotas may be reco* 
vered) by being speedily removed into 
another vessel of water. 
• The gymnotus is said to be poi^sess*' 
ed of a n6w kind of sense, by u^hi^h it 
knows whether bodies, which are 
brought near bim^ are conductors or 
not* 

Chark^. Then it possesses the 
same knowledge by instinct which 
pbiloaopbers h^ive gained by ^Mperi** 
Hient. 

TutfHT. True.. The followmg ex* 
peiiroettty atnCMog oiiaers^ is very deci- 
sive m this point. 

. £x. Th6 extremities of two wires 
were dipped into the water of the 
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vessel in which the animal wa^ kept ; 
they were then bent, extended a great 
way, and terminated in two separate 
glasses ftjl of water. These wires, 
being supported by non-conductors, 
at a considerable distance from each 
other, the circuit was incomplete : 
but if a person put the fingers of both 
hand^ into tlie glasses in which the 
wires terminated, then the circuit was 
complete. While the circuit wtis 
incomplete, the fish n^ver went near 
the extremities of the wires, as if desir 
rous of giving the shock ; but the mor 
ment the circuit was completed, either 
by a person, or any other conductor, 
the gymnotus immediately went to- 
wards the wires, and gave the shock, 
though the completion of the circuit 
i^as out pf his sight 
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James. How do they catch these 
tind of fish ; the men would, pro- 
bably, let them go on receiving the 
shock ? 

Tutor. In this way tlie property 
was, perhaps, first discovered. The 
gymnotus, as well as the others, may 
be touched, without any risk of the 
shock, with wax or with glass ; but if 
it be touched with the naked finger, or 
with a metal, or a gold ring, the shock 
is felt up the arm. 

Charles. Does the silurtis ekctri- 
cus produce the same effects as the 
others ? 

Tutor. This fish is found in some 
rivers in Africa, and it is known to 
possess the property of giving the 
shock, but no other particulars have 
been detailed respecting it. 
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With regard to the torpedo, its 
power of giving the benumbing sensa> 
tion was known to the ancients, atid 
from this it probably took its name.-— 
In fermin's Natural History of Suri- 
nam is 3ome account of the trembling- 
eel, which Dr. Priestley conjectures 
to be different from the gymnotus ; it 
liyes in marshy places, from whence it 
cannot be taken, except when it is in- 
toxicated. It cannot be touched with 
the hand, or with a stick, without feel- 
ing a terrible shock. If trod «ipon 
with shoes, the legs a«d thighs are af- 
fected m a similar manner, • ' 
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General Summary of Elcctricitjfy 
mth JEjeperiments. 

TUTOR. Yon oow undarstand 
what electricity is ? 

Charl^. Ye^^ it \& a fluid which 
f^e&m to pervade all eubstioieec, and 
when uadisturliedi it remftins in a state 
oif oquilibriutn. 

James. . And that certain portioo 
nrJbieh ewry body is supposed to con- 
tain, is called its natural share. 

VOL. VI. a 
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Tutor. When a body is possessed 
of more, or retains less, than its natu- 
ral share, it is said to be charged or 
electrified. 

Charles. If it possess more than 
its natural fehare, it is said to be post- 
tively eledtigfied ; but if it contain less 
than its natural share, it is said to be 
n^atively electrified. 

Tutor. Does it not sometimes 
happen, tl|^t the same substance is ^ 
both positively and negatively electri- 
fied at the same time? 

James. Yes : the Leyden jar is a 
striking instance of this, in which, if 
the inside contain more than iXA na- 
tural share, the outside will contain 
less than its natural quantity. 

Tutor. What is the distinction 
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between cooduetors and non-coilductr 
ors of electricity? 

Charles^ The electric fluid passe3 
freely through » the former ^ tqt the 
IfLtttr oppose its passage* 

Tut&r* You kpow that electricity 
is excite(|i|n the greatest quantities, by 
the friction of . conducting and nonr 
conducting substances against e^ch 
other. 

£x. Rub two pieces of sealingr 
wax, pr tvi^o pieces of glass together, 
and only a ypry snjall portion of elec- 
tricity can he obtained ; therefore 
the rubber pf ^ machine should be 
a conducting sujbs|;Qnce, and not insur 
lated. 

; Every, ^t^K^y ; machine, with an 
insu]iaQ?d jpyljlier, will; act in three 
different ways :, the rubbjer will pro- 
Q 2 
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ducc negative electricity: the con- 
ductor will give out positive electri- 
city: tnd it will communicate both 
powers at once to a person or sub-* 
stance placed between two directors 
tennected with them. 

Jatnes. How does the rubber pro- 
dtf ce negative electrkhy > 

Tut6r. If you stand oil a stool 
with glass legs, or upon any other' 
non-conductir)g subdttoc^, and lay 
hold of the rubber, or a thekt that 
comm«Ai<5atee with it, the working 
the machine will tatee Away from you 
7i quantity of your nafeiral electricity, 
therefore you will be negatively elec- 
trified. 

Ckarks. Will this appeiir bytiie 
naturfe of the electric Itiitf, it I hold 
in my hand a stefel point, ^ needle t 
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- Tutor. If you, standing on a 
Don-conducting substance, are con- 
nected, with the rubber, and your 
brother, in a iiihilar situation, con- 
nected with the conductor, hold 
points in your hands, and I, while I 
stand on the ground, first present a 
brass ball, or otiier substance, to the 
needle in your hand, and then to 
that in his hand, the appearance of 
the .fluid will be different in both 
cases ; to the needle in your hand it 
will appear like a. star, but to that 
in your brother's it. will be rather in 
the forni of a brush,— What will hap- 
pen if you bring two bodies near 
to one another that are botli elec- 
trified? 

James. If they are both positively 
or both negatively electrified, they 
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will repel each other, but if one is 
negative and the other positive, they 
will attract one another till tbey 
touch, and the equilibrium is agaui 
restored. 

Tutor, If a body, containing only 
its natural share of electricity, be 
brought near to another that is elec-* 
trifled, what will be the consequence? 

Charles. A quantity of electricity 
will force itself through the air in the 
form of a spark. 

Tutor. When twa bodies approach 
each other, one electrified positively 
and the Other negatively, the super- 
abundant electricity rushes violently 
from one to the other to restore the 
equilibrium. What will happen if 
your body, Or any part of it, fiarm part 
of the circuit? 
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James. It will produce an electric 
shoeky and if, instead of one person 
alone, many join hands, and form a 
part of the circuit, they will all re- 
ceive a shock at one and the same 
instant. 

Tutor. If I throw a larger quan- 
tity of electricity than its natural share 
on one dide of a piece of glass, what 
will happen to the other side ? 

Charks. The other side will be- 
come, negatively electrified : that is, it 
will have as much less than its natural * 
share; as the other has more than its 
natural share.* 

Tutar. Does electricity, commti- 
nicated to glass, spread over the whole 
surfiice? 

Jafnes. No; glass being an ex- 
cellent non-conductor, the electric 
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fluid will be confined to the part on 
which it is thrown: and for. that 
reason, and in order to apply it to 
the whole surface, the glass is co-r 
vered with tin foil, which is called a" 
coating. 

Tutor. And if a conducting com- 
munication be made between both 
sides of the glass, what takes place 
then? 

Charles. A discharge; and this 
happens whether the glass be flat, oc 
in any other form. 

Tiitor. What do yoi^ call a cylin- 
drical glass vessel thus coated for 
electrical purposes r 

James. A Leyden jar ; and when 
"^the insides, and also the outsides, of 
several of these jars are connected, it 
is called an electricar battery. 
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iTii/ar. Electricity, in this form, is 
capable of producing the most pow- 
erful effects, such as melting tnetaU, 
firing spiritd, atid othier infiammable 
substances. — What effect has metallic 
points on electricity ? 

CkArks. They discharge it silent- 
ly, and hence their great utility in 
defending buiMings from the dire 
efiecCs of lightning.— Pray, what is 
thunder? 

Tutor. As lightning appears to 
be the rapid motion of vast masses 
erf electric matter, $o tbunaer is the 
noise produced bytht motion of ligbt- 
ntegs and when eiectridty passes 
through thg higher |mrts of the at- 
mosphere, where the air is very iJnuch 
rarefied, it commutes the aurora bo- 
r«alis. 
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Ex. If two sharp pointed wires 
be bent (Plate ii. Fig. 30.) with the. 
four ends at ri^ht an^es^ but points 
ing different ways, and they be made 
to turn upon a wire fixed on the con- 
ductor, the moment it is electrified, 
a flame will be seen at the poifits 
a b c id; the wire will be^n to turq 
round in the direction opposite to^ 
that to which the points are turned, . 
and tlie motion will become very 
rapid. 

If the figures , of horses, cut ^n 
paper, be fastened upon these wires,, 
the horses will seem to pursue one. 
another, and this is called the ^leq^ , 
trical . horse-race. Of course, upon : 
this principle, m^ny other amusing 
and very beautiful experiments may. 
be made: and upon tliis principle-. 
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several electrical orreries have been 
contrived, showing the motions of the 
earth and moon, and^ the earth and 
planets round the sun. 

James. How do you account for 
this? 

Tutor, fix a sharp pointed wire 
into the end of the large conductor, 
and hold your hand near it: — ^no 
sparks will ensue; but a cold blast 
iirill come from the point which will 
turn any light mills, wheels, &c. * 
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galvanism/oh voltaism. 



CONVERSATION L 

OfG^lmnim; ifs CMgin; Ejfpgri^ 
fjmu. — Of tJh IkcompQBkm ^ 
Water. 

TUTOR. It has been observed as 
long as I can remember, and probably 
before I was born, that porter, when 
taken from a pewter pot, had a supe- 
rior flavour than when drunk out of a 
glass 6r of china. 

Ckarks. Yes ; I have" often heard 
my uncle say so ; but what is the rea- 
son of it? 
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Tutor. Admitting the fact,^which 
is, I believe, generally allowed by 
those who are much accustomed to 
that beverage; it is now explained 
upon the principles of GalDanim. 

James. Is Galvanism another 
branch of science? is there a Gal* 
vanic fluid as well as an electric fluid ? 

Tutor. Of the existence of the 
electric fluid you now have no doubt ; 
the science of electricity took its 
name from electron, the Grfeek word 
for amber, because amber was one of 
the first substances observed to pro* 
duce, by rubbing, the effects of atf 
traction and repulsion. Galvanism 
derives its name from Dr. Galvani, 
vi'ho first reported to the philosophical 
world the experiments on which the 
science is founded. 

VOL. VI. R 
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Charles. Pray how was he led to 
make tlie experiioents ? 

Tutor. Galvani, a professor of 
anatomy at Bologna, was one even- 
ing making some electrical experi- 
ments, and on the table where the 
machine stood, wece some frogs 
skinned : by an accident one of the 
company touched the main nerve of 
a frog, at the same moment that he 
took a considerable spark from the 
conductor of the electrical machine, 
and the muscles of the frog were 
thrown into strong convulsions. These, 
which were observed by Galvani*s 
wife, led the professor to a number 
of experiments, but as tlicy cannot 
be repeated without much cruelty to 
living animals, I shall not enter into 
a detail of them. 
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James. Were not tlie frogs dead 
which first led to the discovery? 

James. Yes, they were: but the 
professor aftfsrwards made many ex- 
periments upon living one^, whence 
he found that tiie convulsions, or- as 
they are usually called, the contrac- 
tions produced on the frog, may be 
excited witliout the aid of any appa- 
rent electricity, merely by making a 
communication between the nerves 
and the muscles with substances that 
are conductors of electricity. 

Charles. W-hicli are tlie best con- 
ducting substances ? 

Tutor. All the metals : but zinc and 
silver, or zinc and copper, produce 
the greatest muscular contractions, 

Charles. . Are these experiments 
peculiar to frogs ? 

Tutor. No ; they have been sue- 
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ces8fuUy made on almost all kinds of 
animals , from the Ox downwards to 
the fly. And hence it was at first 
concluded that there was an electricity 
peculiar to animals. 

Janm. You have already showti 
that the electric fluid exists in our 
bodies, and may be taken from tbem^ 
independently of that which causes 
the contractions. 

. Tutor. I will show you an expe^ 
riment on this subject: — here is a 
thin piece of zinc^ which is a sort of 
metallic substance, but not what is 
denominated a perfect metal : lay it 
under your tongue, and lay this half- 
crown upon the tongue; do you taste 
any tliing very peculiar in the metals? 

James. No, nothing at all . 

Tuto^. Put them in the same po- 
sition again, and now bring the edges 
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of the two metals into contact, while 
the other parts touch the under and 
upper surfaces of the tongue. 

James. Now they excite a very 
disagreeable taste, something like cop- 
peras. 

Tutor. Instead of the half-crou n, 
try the experiment with a guinea, or 
with a piece of charcoal. 

Charles. \ perceive the same kind . 
of tastk which James described. How 
do you explain the fact? 

Tutor. Some philosophers main- 
tain that the principle of Galvanism 
and electricity is the same : and that 
the former iis the evolution or emission 
of the electric fluid from conducting 
bodies, disengaged by a chemical pro- 
cess ; while the latter is the same thing 
R 3 

I 
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i^ade apparent to the senses by non- 
conducting bodies. 

James. All metals, as we have 
seen, are conducting substances; of 
course, the zinc, the guinea, and the 
half-crown, are conductors. 

Tutor. Yes, and so are the tongue 
and the saliva ; and it is probable, that 
by the decompo^tion of some smail 
particles of the saliva the sharp taste 
is ejtcited. * 

Charles. What do you mean by 
the decomposition of the saliva ? 

Tutor. We shall, in our chemistry, 
show you that water is capable of 
being decomposed, that is, separated 
into two gass^, called hydrogen and 
oxygen. ^ 

James. . Is saliva capable of being 
thus separated ? 
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Tutor. Certainly, because a great 
part of it may be supposed to be 
water; and the oxygen combines 
with the metal, while the hydrogen 
escapes^ and excites the taste on the 
tongue. 

Charles. The disagreeable taste 
on the tongue cannot be disputed, 
but there is no apparent change on 
the zinc or the half*-crown^ , which 
there ought to be if a new substance, 
as the oxygen, has entered into the 
coihbination. 

Tutor. The change is,' perhaps, 
too small to be perceived in this ex- 
periment : but in others on a larger 
scale, it will be very evident to 
the, sight, by the oxidation of the 
metals. 

. James. Here is another strange 
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word. I do not know what is meant 
by oxidation. ' 

Tutor, The iron bars fixed be- 
fore the window were clean and al-^ 
most bright when placed there last 
. summer. 

James. But not being painted, 
^they are becon^e quite rusty. 

Tutor. Now, in chemical lan» 
guage, the iron is said to be oxidated 
instead of rusty; and the earthy sub- 
stance that may be scraped from them, 
used to be called the calx of iron ; 
but it is, by modern chemistry, deno- 
minated the oxide of iron. 

When mercury loses its fine bright*- 
ness by being long exposed to the air, 
the dulness is occasioned by oxidation, 
that is, the same effect is produced by 
the air on the mercury, as it was on 
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the iron. I will give you another in- 
stance. I will melt some led in this 
ladle, you see a scum is speedily 
formed. I take it away, and another 
will arise, and so perpetually till the 
whole lead is thus transformed into an 
apparently different substance : this is 
called the oxide of lead. 
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CONVERSATION II. 



Galvanic Light, and Shi)cks. 

CHARLES. We had a taste of 
the Galvanic fluid yesterday, is there 
no way of seeing it ? 

Tutor. Put this pieces of zinc be- 
tween the upper lip and the gums, as 
high as you can, and then lay a half- 
crown, or guinea, upon the tongue, 
and when so situated bring the metals 
into contact. 

Charles. I thought I saw a faint 
flash of light. 

Tutor. I dare say you did, it was 
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for that purpose I bade you make the 
experiment, t It may be done in an- 
other way; by putting a piece of 
silver up one of the nostrils, and the 
zinc on the upper part of the tongue, 
and then brining the metals in con- 
tact, the same effect will be pro- 
duced. 

James. By continuing the contact , 
of the two metals, the appearance of 
light does not remain. 

Tutor. No, it is visible only at the 
moment of making the contact You 
may, if you make the experiment^with 
great attention, put a small slip of tin 
foil over the ball of one eye, and hold 
a tea-spoon in your mouth, and then 
upon the communication between the 
spoon and the tin a faint light will be 
visible. These experiments are best 
performed in the dark. 
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Charles. Is there no inean& of mak- 
ing experihients on a larger scale ? 

Tutor. Yes, we have G al va^ic^ or, 
as they ought to be denominated. 
Voltaic, from Volta*, the inventor of 
them, batteries, as well as electrical 
batteries. Here is one of them. 
(Plate II. Fig. 20.) It consists of a 
number t^f pieces of silver, zinc, aiid 
flannel cloth, of equal sizes ; and they 
are thus arranged, a piece of zinc, a 
piece of silver, and a piece of cloth 
moistened with a solution of salt in 
water, and so on till the pile is com- 

* Galvani's discoveries were the result of 
mere accident, and even but trifling, in compa- 
risoB of those, made by Volta, a celebrated 
Italian, who improved the few hints before 
him into an important body of science : hence 
the term Voltaism will shortly, without doubt, 
supersede that of Galvanism. 
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pleted. To prevent the pieces from 
falling, they are supported on the &kie8 
by thre« rods of glass stuck into a 
piece of wood, and down these rods 
slides another piece of wood which 
keeps all the pieces in close contact. 

James, How do you make use of 
this instrument? 

Tutor. Touch the lower piece of 
metal with one hand, and the upper 
one with the other. 

James. I felt an electric shock. 

Tutor. And you may take as many 
as you please ; for as oiften as you re- 
new the contact^ so often will you feel 
the shock. 

Here is a different apparatus (Plate 
II. Fig. 21.) In these three glasses 
(and I might use twenty iqstead of 
three) is la. solution of salt and water. 
Into each, except the two outer ones, 

VOL. VI. s 
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is plunged a small plate of zinc, and 
another of silver. These plates are 
made to communicate with each other, 
by means of a thin wire, fastened so 
that the silver of the first glass is con*^ 
nected with the zinc of the second ; 
th€ silver of the second with the zinc 
of the third, and so on : now if you 
dip one hand into the first gktss, and 
the other into the last, the shock is 
felt. 

Charles. Will any kind of glasses 
answer for this experiment? 

Tutor. Yes they will ; wine-glasses, 
or goblets, or finger glasses ; and so 
will china cups. 

A third kind of battery, which is 
tlie most powerful, and the one that 
is most generally used, is this. It 
consists of a trough of^baked wood, 
three inches deep, and about as 
ad. In the sides of this trough 
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are grooves opposite to each other, 
and about a <}uarter of an inch asun^ 
der. Into each pair of these grooves 
is put a plate of zinc, and another of 
silver, and they are to be cemented in 
such a manner as to prevent any 
communication between the difE^rent 
cells. The cells are now filled with 
a solution of salt and water. The 
battery is complete ; with your hands 
r jmake a communication between the 
two end cells. 

. Charles. I felt a strong shoct. 

Tutor. Wet; your hands, and join 
your left with James's right, then, pujt 
your right .band into .one end. cell, and 
let James put his Jeft into tlie opposite 
one; 

JaJMS. We bQth felt the /•shock 
like an electric shock, but not ^o 
severe. 

s 2 
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Tutor. Several persons may re- 
ceive the shock together, by joining 
hands, if their hands are well moist- 
ened with water. The strength 
the shock is much diminished by 
passing through so long a circuit. 
The shock from a battery, consi^kig 
of fifty or sixty pairs of zinc and 
silver, or zinc and copper, may be 
felt as high as the elbows. And if 
five or six such batteries be united 
with metal cramps, the comtnned force 
of the shock would be such that few 
would willingly take it a i^econd 
tiipe. 

Charles. What are the wires for 
at each end of the trou^ ? 

Tutor. With these, a variety of 
experiments may be made upon 
combustible bodies. I will show you 
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one Trith gunpdwder, but <I must have 
recourse to four troughs, united by 
cramps^ or to one much larger than 
this. 

Towards the ends of the wires 
are two pieces of glass tubes, these 
are for ' the curator to hold by, 
while he directs the wires. Suppose 
now four or more troughs united, 
and the wire to be at the two extre- 
mities, I put some gunpowder on 
a piece of Hat glass, and then hold- 
ing the wires by the glass tubes, 
I bring the ends af them to the 
gunpowder, and just before they 
touch, the gunpowder will be in- 
flamed. . 

Instead of gimpowder, gold and 
silver leaf may be burnt in this 
s 3 



199 \QhTiLmU( 

^ay: ether, spirits of wiae, and 
other inflammahle substances, are 
easily fired by the Voltaic battery; 
it will consume even small metallic 
wires. 

Copper or bras^ leaf, commonly 
called Dutch gold, burns with a bea^r 
tiful ^een light, silver with a pale blue 
Hght;, and gold with a yellowish green 
light. 

Jams. Will tlie bidtery contiiiue 
to act any great length of time ? 

Tttior. The action of all these kind 
of batteries is the strongest, When 
they are first filled with the, fluid ; 
and it declines in proportion as the 
metals are oxidated, or the fluid loses 
its power. Of course, after a cer- 
tain time, the fluid must be changed 
and the mcjtals cleaned, either with 
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sand^ or by immersing them a short 
time in diluted muriatic acid. The 
best fluid for filling the cells with, is 
water mixed with one-tenth of ni- 
trous acid. Care must always be 
taken to wipe quite dry the edges 
of the plates, to prevent a commu- 
nication between the cells: and it 
will be found, that the energy of the 
battery is in proportion to the ra- 
pidity with which the zinc is oxi- 
dtted. < , 
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Voltaic Conductors — Circles — Tables 
— Eaperimnts. 

TUTOR. You know^ that con- 
ductors of the electric fluid diflfer 
from each other .ill their conducting 
power. 

Charles. Yes, the metals were 
the most perfect conductors, then 
charcoal, afterwards water and other 
fluids. See Vol. vi. p. 20. 

Tutor. In Voltaism wc call the 
former dry and perfect conductors. 
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these are the first class: the latter, 
or second class, imperfect conductors : 
and in rendering the Voltaic power 
sensible, the combination must con- 
sist of three conductors of the dif- 
ferent classes. 

James. Do you moan two of the 
first cla#s, aii,d one of the second ? 

Tutor. When two of tbesie bodies 
aiie of the first class, and one is of the 
s^econd, the con^bination is said to bp 
of the Jirst order. 

Charles. The large battery which 
you used yesterday was of the firrt 
6r(kr then, because there were two 
metals, viz, zinc and silver, and owe 
fluid. 

Tutor. This is called a siniple Vd- 
taic circfc, the two metals IXHUrhed 
each othei^ in some points, and at 
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Other points they were connected by 
the fluid which was of the difierent 
class. ^ 

James. Will you give us an ex- 
ample of the second order? 

Tutor. When a person drinks 
porter from a pewter mug, the moist* 
ure of bis under tip is one conduct- 
or of the second class, the porter 
is the other, and the metal is the 
third body, or conductor of the first 
class. 

The discotoratioii' of a s3ver 
spoon, in the act of eating eggs, is a 
Voltaic operation. A spoon merely 
immersed in the e^ undergoes no 
discoloration, it is the act of eating 
that produces tha change. This is 
a Voltaic combination of the se- 
cond ordir, the fluid egg, and the 
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saliva^ are substances of the second 
class of conductors, and the silver of 
the first class. 

Charles. Which are the most 
powerful Voltaic cir^:les ? 

Tutor. They are those of the first 
order, where two solids of different 
degrees of oxidability are combined 
with a fluid capable of oxidating at 
leaiBt one of the solids. Thus gold,' 
silver, and water, do not form an 
active Voltaic circle, but it will be- 
come active if a little nitric acid, 
or any fluid decoiiiposible by silver, 
be mixed with the water. An act- 
iv^e Voltaic; circle is formed of zinc, 
silver, and water, because the zinc is 
oxidated by water. But a little nitric 
acid, added to the water,- renders 
the <:ombmation still miore active, as 
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the acid acts upon &e silv^ and the 
zinc. 

The most powerful Voltaic com- 
binations of the second order are, 
where two conductors of the second 
class^ have different chemical actions 
on the conductors of the first class, 
at Uie same time that they act upoa 
each other. Thus copper, silver, or 
lead, with a solution of an alkaline 
sulphuret"^ and diluted nitrous acid, 
form a very active Voltaic circle. 
Hence the following 

* If equal quantities of sulphur and alkali 
be melted in a covered crucible, the mast ob- 
tained is called an alkaline sulphuret 
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TABLES. 

Table of Voltaic circles of the first order, 
composed of two perfect conductoi-s, and 
one imperfect conductor. 



Vei70kidable Um Osd&bk Sul^ 
Substanoes. ttances. 

{With gold, Charcot], 
sUfBr, copper, tin, 
irofty mercury 



lion - - f With gold, charcoal, 
tiilver, copper, tin 

Xin - • /With ^Id, silver, 
t charcoal 



Lead 



Copper 



With gold, sitm 



With gold, silvec 



Silver - - Withg(>Id 



Oxidating 
Fluids. 

Solutiona of ni- 
tric acid in 
water, of mu- 
riatic acid, 
and sulphu- 
ric acid, &c. 
Water holdiug 
in solution 

I oxygen at- 
mo^iheric air, 
J &c. 
/'Solution of ni* 
1 tratft of silm, 
J and mercuiy, 
1 nitric acid> 
^ aeetms aicid. 

Nitric acid. 
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Table of Voltaic circles of the second order, 
coroposed of two imperfect conductors, and 
one perfect conductor. 



Perfect 


Imperfect Con- 


Imperfect Con- 


Conductors. 


ductm. 


ductors. 


Charcoal 


Solutions of hydrO'/ 


"Solution cf nt" 


Copper - 


1 genated aUcaUnel 


trouB acidy oxy- 


Silver 


f sulphurets, oapt> i 


genated muri> 


Lead 


V ble of acting on^ 


atic acidy &c. 


Tin - 


1 the first tliree me- i 


caf)»bl« oT act* 


Iron - - 


1 tals, but not onl 


ing on all tlie 


Zinc - - 


J tbekst three. ' 


. tnetala. 



I will now show you another ex* 
pcrimcnt which is to be made with 
the assistance of the great battery 
(Fig. 2Q.) A B (Plate ii. Fig. 23.) 
exhibits a glass tube, filled with di- 
stilled water, and having a cork at 
each end. a and b are two pieces 
of brass wire, which are brought to 
within an inch or two of one an- 



other in the tube, and the other ends 
a^e carried to the battery, viz. a. to 
is called the positive end, and B 
to the negative end. 

James, You have then positive 
and negative Voltaism, as well as 
electricity? ^ 

Tutor. Yes, and^if the circuit be 
interrupted, -the process will not go 
oh. . But if all things be as I have 
just described, you will see a constant 
stream of bubbles of gas proceed 
from the wire b, winch will ascend to 
the opper part of tke tube. Tins g^i 
is found to be hydrogen or inflam* 
mableak". 

Charks. Hbw is that asceortained? 

Tutor. By bringing a candle close 
to the opening when I take out the 
pork i, the gas will itnmediately in^ 
T 2 
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flame. The bublifles which proceed 
from the wire a are oxygen or pure 
air, they accumulate arid stick about 
the sides of the tuba. 

James. How is this experiment 
ex|^ined? 

Tutor. It is believed that the 
niitaer is decomposed or divided into 
hydrogen and oxygen: the hydro- 
^gaa is sepaiiated from the water by 
the wire cooneeted^ with the nega* - 
live e)ctremity, wiiiie the oxyg^ 
unites with and oxidstes the wire 
connected with the peftitive «od of 
the battery. 

If I connect the positive ^eodx of 
the battery with the ioiver «irei and 
tiie negative with the upper, then the 
hydrogen fffoceeds from the upper 
wire, and the lower wir^ b oxidated* . 



If t¥ires of gold or platina be used 
^hich are not oxidable, thea^ stream 
of gas issues from each, which may 
be . collected, and will be foo^id to 
be a mixture of hydrogen and oxy- 
gen. 

Charles, Are thite no qieans of 
collecting these fluids separately. 

Tutop. Yes, instead of making 
use of the tube, let tiie extremities 
of the wires, which proceed from tlie 
battery; be immiersed An water^ at 
the distance of an inch from each 
other, then suspend over, ecich a 
^ass vessel, inverted and full r of war 
ter (Plate Hi Eig. 24.), and the. dif- 
ferent kinds of gas ivill be found iB 
the two glasses. 

It is Icnown tha^ hydrogen gas 
f educes the oxides of metals^ tibat 
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b, rertoros them ta tbeir metallic 
atate. If, therefore, the tobe (Fig. 
23.) be fiHed with a SM^utioD of 
ae^jfte of leaif^ iti distilled wateft 
and a communicalioa h made with 
the battery, no gas is perceived to 
issue fropi the wire, which proaeeds 
from. thB negaiive end of the battery, 
but in a few minutes, beautiful me- 
tallic needles, may be seen on the ex* 
tremity of this wife. 

James. Is this the lead separated 
from the £uid? 

' Tiiter. It is.; wd you perceive 
it is > in : a . perfect metailic state, and 
irery brilliant. Iiet the operatkNa 
fMTOoeed, and Aese needles' will f» 

- ' > . ^ • • '5 
.... ' , ' . , ,1 

* Acetite of lead, "is a solution of lead in 



sume the form of fern, or some other 
vegetable substance. 

The spark from a Voltaic * battery 
acts with wonderful activity upon all 
inflammable bodies, and experiments 
made in a dark room, upon gun- 
powder, * charcoal, metallic wire, and 
metallic leaves, &c. may be made 
very amusing. 

* Mr. Davy has, by meam of a very powerful 
battery, b?en enabled to decompose the alicalies, 
many of the earths, sulphur, phosphorus, and 
charcoal : also the borack, fluoric, and mu* 
riatic acids. His ififst experiments were on 
potash an4 ^od^y which iastead of being simple 
^iibstances ftre found to consist o( certain me- 
tallic substances and oxygen. See Dialogues 
on Chemistry. 
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CONVERSATION m. 



Miscellaneous Experiments. 

TUTOR. The discoveries of Gal- 
y^ni were made principaUy with deac^ 
fpogs; from his experiments^ aqcl 
many others that have been made 
since his time, it appears that the 
nerves of animals may be affected by 
smaller quantities of electricity than 
any other substances with which we 
are acquainted. Hence limb5 of ani- 
mals, properly prepared; have beea 
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much employed for ascertaining the 
Voltdc electricity. 

Ctmrles. What is the method of 
preparation? 

Tutor. I have been cautious in 
ineodoning experiments on animals, 
lest they should lead you to trifle 
with their feditngs: I must, how* 
to render the subject more 
complete, tell you what has been 
done. 

The muscles of a frog lately dead, 
and skinned, mny be brought into 
action by means of very small quantir 
ties of common electricity. 

If ^e leg of a frog recently dead 
be preparedy that is, separated from 
the rest of the body, having a small 
portion of the spine attached to it, 
and so situated that a little electricity 
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may pass through it, the leg will be 
instantly affected with a kind oF 
spasmodic contraction, sometimes so 
strong as to jump a considerable 
distance. 

It is now known that similar ef- 
fects may be produced in the limb 
thus prepared, by only making a 
communication between the nerves 
and. the muscles,^ by a conducting 
substance. Thus, in an animal rer 
cently dead, if a nerve be detached 
from the surrounding parts ; and tlie 
coverings he removed from over the 
muscles, which depend on that nerve; 
and if a piece of metal, as a wire, 
touch the nerve with one extremity^ 
and the muscle with the otber^ the 
limb will be cppvplsed. 



EXPERIMENTS. 

Charles. Is it necessary that the 
communication between the nerve and 
the musde should be made with a 
conducting substance ? 

Tutor. Yes, it is ; for if sealing- 
tvax, glass, &c. be used, instead of 
metals, no motion will be produced. 

If part of a nerve of a prepared 
limb be wrapped up in a slip of tin 
foil, pr be laid on a piece of zinc, and 
a piece of silver be laid with one end 
u^on the muscle, and with the other 
on the tin or zinc, the i^iotion of the 
limb will be very violeint. 

Here are two wine-glasses almost 
full of water, and so near to each 
other as barely not to touch. I put 
the prepared limb of the frog into 
one glass, and lay the nerve, which is 
wrapped up in tin foil, over the edgqs 
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of the two glasses, so that the tta may 
touch the water of the glass in which 
the limb is not. If I now form ^ com* 
munication between the water in two 
glasses, by means of silver, as a pair 
of tea-tongs ; or put the fingers of one 
hand into the water of the glass that 
contains the kg, and hold a piece of 
silver in the other, so as to touch the 
coating of the nerves with it, the limb 
will be immediately excited, and some- 
times when the experiment is well 
made, the leg will even jump out of 
the glass. 

James. ' It is very surprising that 
such kind of motions should be pro- 
duced in dead animals. 

Tutor. They may be excited also 
in living ones : if a live frog be 
placed 01} a plate of zinc, having a 
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slip of tin foil upon its back, and a' 
communication be made between the 
zinc^and tin foil, by a piece of metal, 
as silver, the same kind of contractions 
will take place. 

Charles, Can this experiment be 
made without injury to the animal ? 

Tutor. Yes, and so may the fol- 
lowing :— I take a live flounder and 
dry it with a clotTi, and then put it in 
a pewter plate, or upon a large piece 
of tin foil, and place a piece of silver 
on its back ; I now make a communi- 
cation between the metals with any 
conducting substance, and you see the 
contractions, and the fish's uneasiness. 
The fish may now be. replaced in 
water. 

I place this leech on a crown 
piece, and then, in its endeavour to 

VOL. VI. u 
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move away, let it touch a piece of zinc 
¥^ith its mouth, and you will see it 
instantly recoil, as if in great pain : 
the same thing may be dime with a 
worm. 

It is believed that all animals, whe- 
ther small or great, may be affected^ 
in some such manner, by Voltaism, 
though in different degrees. 

The limbs of people, while under- 
going the operation of amputation, 
have been convulsed by the applica- 
tion of the instruments, an effect 
which is easily explained by Vol- 
taism. 

By the knowledge already obtained 
in this science, the following facts are 
readily explained. 

Pure mercury retains its metallic 
splendor during a long time ; but its 



EXPERIMSNTS* 

amalgam \^ith any other inefal b soon 
tarnkhed or oxidated. 

Ancient inscriptions, engraved upon 
pure lead, are preserved to this day, 
whereas some metals coiliposed of 
lead and tin, of ui> gr^at antiquity^ are 
very nauch corroded. 

Works of metal, whose parte are 
soldered together by the interposition 
:of ethcF metl^s, soon oxidate aBout 
the partd .where the diiferent metals 
jftre joined. And there ar^ persdn^ 
\;vl]|o profbss to find out sea!ns in bras& 
and copper vessels! by the tongud, 
which the eye cannot discover ; anti 
thisy can, by this nyeans, disj^ngluish 
^be base mixtures ivbioh abound in 
gold and silver trinkets. 
. When the' coppet sheeting of ships 
is fastened on by means of iron nails, 
u2 



220 VOLTAISM.' 

those nails, but particularly the cop- 
per, are very quickly corroded about 
the place of contact. 

A piece of zinc may be kept in 
water a long time, without scarcely 
oxidating at all; but the oxidation 
takes place , very soon if a piece of sil- 
ver touch the nnQy while standing in 
the water. 

If a cup made of stinc or tin be 
filled with water, and placed upon a 
silver waiter, and the tip of the tongue 
be applied to the water, it is found to 
be insipid ; but if the waiter be held 
4n the hand, which is well moistened 
-with water,, and the' tongue applied 
as before, an acid taste will be per- 
ceived- 

Chm^les. Is that owing to the cir- 



'cuit being criade complete by the wet 
hand > 

Tutor. It is ; another experimcrrt 
of a similar kind i^ the.followiog : If 
a tin bason ht filkd tfrith siap-ijuds', 
fime-^ater, or a strong Wy, and theft 
the bason be held in both handed, 
moistened with pure water, while 
the tongue is applied to the flitid iA 
the bason, an acid taste will be sensi- 
bly percieived, though the liquor is 
kdlinc. 

From this short account of Vol- 
faisto, k may be inferred 

(h) That it appears to be only 
atiother Aiode of exciting electricity. 

(2.) Voltaic electricity is produc- 
ed by the clker!nicat action nf bo(fte» 
upon efetob other; ^ 
u 3 



(3.) The oxidation of metals ap- 
pears to produce it in great quanti- 
ties. 

(4.) Voltaic electricity can be 
made (o set inflammable substaQpe3 
on lire, to oxidate and even inflame 
metal?. 

(5.) The nerves of animals appear 
to be most easily afiected by it of any 
known substances. 

(6.) Voltaic (electricity is conductr 
ed/by the same substances as commoq 
electricity. 

(7.) \¥hen it is paade to . pass 
through an animal, it produces a 
sensation resembling the electrical 
shock. 

(8.) The electricity produced by 
• the torpj^o and electrical eel, is very 
similar to Voltaism. 



iNDEX AND GLOSSARY 



TO THE 

SIX VOLUMES. 



A. 

ABSORB, to dirink io. 

Acceteraiitmf a body moy'ing faster and faster. 

Action and re-cKtion, equal and contraiy, vol. I. p. 11 6. 

Curious instsnce of, 1. 120. ~ 
Adhesion^ a sticking together. 

jiiff a fluid, the pressure of which is very great^ IV. 1 — 9. 
Its pressure, experiments on, IV. 29—45. Its weight, 
how proved, IV. 46. Its elasticity, IV. 56—63. Its com- 
pression, IV. 69 — 7B- Necessary to sound, IV. 92. 

Jir-gun, structure of, explained, Iv. 87 — 89. 

Avr-fnjonp described, FV. 9. Its structure explained, IV. 
10 — 15. ExperiiUents on, IV. 17 and 79, 

Alcolwl, ardent spirit : equal parts of alcohol and watei make . 
spirits of wine. 

Alkaliney a saline taste. 

Anamorphoses, distorted images of bo^es. 

Ancients, their mode of describing the constellations, II. 14. 

Anglfy it is, I. 5. How explained, ib. Righit, obtuse^ 
acute, 6. How called, 7. , 

Animals, all kinds of, affected by Galvanism, VI. 218. 

Aptrtvre, a small hole. 

Aphdimif the greatest distance of a planet fiom the sun. ^ 
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Apogte^ the ttin's or moon's greatest distance from the 
earth. 

AquaforiiSf of what composed, 1. 13. ' 

Archimedfs proposed to move the earth, 1. 127. Some ac- 
count of, Iir. 147* HW inventions, III* 149. 

Arrofw, to find the height to which ascends, 1. 68 — 70. 

Atmosphere, the effect of, V. 45, 46. 

Attraction, the tendency which some parts of matter have to 
unite with others. 

Attraction capillary ^ wlutt me&tit hj, I. 30. Illustrated, 
1.31. 

Attraction and Reptdsion, eleelrtcal, VI. 9 and 43. 

— , magnetic, V. 234, &c. . 

Aurora Borealis, vulgarly calked the Northern iLshts. Its 
use inth« Northern parts of the globe, II. 189. Imitated, 
VI. 139. A curious one described, VI. 14K 



B. 



B^iantty hydrostattcal, described. III. 125. 
Balances, lalse, h»w detected^ I. 142. 
Ball, why ^ily rolled, L 76. Scioptric, its effitct, V. 
71. 

Boj-ometer explained, IV. 50 tmd 201—210. Its con- 
struction, IV. igcb Its use, ib. Standard altitude of, 
IV. 194. Variation of. ib. To measure altitudes with, 
IV. 201. ' . 

Battery, electrical, described, VI, 89. Experiments on, VI. 
"92. 

J^eccaria, his obser\'ation, VI. 135. 
i^eUanvSf hydrostalical, III. 6l*-70. 
^irds^ Ivow they support themselves in the air, 1. 109. 
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Bissextile, the meaning of the word, II. 139* , 
Bodia, heavenly, why move in a curved path, I. 114. 
JSlastic and non-elastic, illustrative of the tlurd law of 
motion. Weight of, diminished as the distance fVom 
the centre of die eanh is increased, I. 67. Falling, the 
law of their velocity, I. 71. How to insulate, Vt. 91. 
Sonorous^ elastic, IV. 100. Heavenly, tlie latitude of, 
II. 46. 

Body, moving one, what compels it to stop, I. 96. 

Bodies, their vis-inertiae, 1. 106. 

Boyle, Mr. first saw the electrical light, VI. 6. 

Bndt^s (St.) ohnrch, datnaeed tnr lightning, VI. 197. 

Bucket, DOW suspendied on ue edge of a taole> I. 87 • 

Buff on, M. his experiments, V. 106. 

BuUett, leaden, how made to cohere, I. 33. 



(Umifra obsnara, V. 9 1 8. 
Cannon, the eonnd of, IV. 99. 

CtipUJary attraction, fluids attracted above their level, by 

tnbes as small as a hair. \ 
Cardmalpoints, how discingiiQthed, II. 14. 
Caoallo, Mr. his electrical experiments, VI. 125. 
Catoptrics, the science of reflected light. 
Centre of p-aoity, the point of a ^y, on which, when 

suspended, it will rest. Between tne earth and sun. 

II. 98. How applicable to tiie common actions of life, 

I. 84. 

Centrifugal /fierce, is the tendency which a body has to fly 

o£f in a straight line. 
Centripetal force, is the tendency which a body has -to au- • 

Other about which it revolves. 
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Chattertm, his lines on the sol&r system, 11. 57* 

Circlei, Galvanic, what, VL 201. First order, ib. Se- 
cond Older, ib. The most powerful, VI. tt03. 

Clepsydn^ principle of, explained, III. 86. 

Clocks and Dials, why not agree in the meaaare of timey II. 
129 — 106. 

Cohetwtt, attraction of, I. 18. Hdw defined^. I. sa. lit- 
stances^ I. 21. Its force, I. 23. How OTercome> ib. 
Instanoes of, I. 28. 

Coining, apparatus for, referred to, 1. 198. 

Colours, the cauae of, V. 89. 

Comets, in what respects they fesemble planets, II. 2dO. 

Tlie heat of one calculated, II. 2^3. 
Campressim, the act of squeezing tugedier. 
Condensation, the act of bringing the parts of matter tog». 

ther. 

Conductan, electrical, what meant by, VI. 15. Table of, 
VI. 20. Galvanic, VI. 200. Perfect and imperfect, ib. 
201. , 

Cone, double, why it rolls up a plane, L 88. 

Contact, touching. 

Converge, drawing towards a point. 

Cookery, some operations of, now accotinted for, I. 24. 

Crane, the principles of a, I. I6t. Qj^e invented by IMTf; 
White, I. 164. DiatillerV dcscrihed, III. 195. 

Guppijig, the opemfdoti of| eyplalned^ XW, 6^.^7. 

Cups, Kemlspherlcai, experiments on^ IV. 42. 

Cylinder, how made to loU ^ a hill, 1. 86. 
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IX 



Vtncm, rope or wke, Iknt they balance themselves, L 83. 

Dffy, afltxonomica]* when begins, II. 41. The d^erence 
between the solar and sidereal, IV 137. , 

Day and Night, how CKpfauued, II. 84. 

JDaafs and Nightt, why of different lengths, II. 93. To 
whom always equal, II. 107* 

Deception^ optical, II. 9. In feeling, ih. 

Deceptims, on the public, by abort weights, how detectad, 
1. 144. Occasipaed by swift motions^ II. 76, 79. Op- 
tical, V. 39—43, and 133, &c. 

Dtlaval, Mr. his experiments, V. 97 • ^ 

JMnsiiy, compactneii. Constitutes specific gravity^ III. 
116. 

Diagonal, the lines which joins the opposite oomeni of a 

square or other right lined figure. 
Dieter, used for making soups. 

DirecUim, line -of, how defined, I. 74. Most be within the 

base of a body that stands secure, I. 75. 
Distance, measured by sound, IV. 104. 
Diver's Bell, described. III. 901 — 303. How used. III. 

304 — 7. Accidents with. III. 308— -310. Smeaton's 

improvements on, III. 310. Walker's improvements on, 

III. 313. Anecdote of, III. 313. 
Diverge, to spread out 

J^oiuningf me danger ol^ to inexperieneed penons. III. 
158. ' 
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Earth t centre of, why bodies move to it, I. 51. Why not 
apparently moved, I. 63. Its shape, t, 58. Its diurnal 
motion, ll. 67, 70 — S'i. The velocity of its motion, II. 
80. Wlien its motion is quickest, fl. 135. Its annoal 
motion, II. 83, and 93 — 99. Its rotation, the most uni- 
form motion in nature, II. 127. A satellite to the moon, 
II. 153. No arguments against its motion, because not 
appalPent, II. 74. Its magnitude, H. 80, 81. Its glo- 
bular fifure, II. 59. How proved, II. €0—65. Its 
poles, what, II. 66. Its axis, II. 67. 

EchOf the nature of, explained, IV. 118. 161. Curious 
ones nodced, IV. 130. Applied to the measuring of . di- 
stances, IV. 131. 

Eclipse, an ocquUation of the sun or moon. 

Eclwses, the cause of explained, II. 1 57— 167. Annular, 
II. 164. Total of the sun, very rare, II. 165. Account 
of one seen in Portugal, II. 165. Supposed to be omens 
of calamity, II. 167- 

Ecliptic, the' earth's annual path round the heavens, tiow 
described, II. 26. How to trace the, II. 98 — 31. 

Effiuma, fine particles that fly off from various bodies. 

discoloration of silver with eating, VI. <202. How 
explained, ib. 

Elasticity f the quality in some bodies, by vihich, they recover 
their former positions af^r being bent. . What meant by, 
1.37. 

Electrit, what meant by, VI. 5. Light, by whom filst seen, 
VI. 6. 

EUttricity, history of, VI. 1. Attnction dectrioJ, when 
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fint B0tlc«d, VI. 4. AtmoBpheric, VI. 134. The two 

kinds, VI. 45. Medical, VI. 1 52. Animal, VI. 1 6 1 . 
Bleclromker, Lane's, VI. 81. Quadrant, the i»c of, VI. 

86. AnothW kind, VI. 1 1 9. 
EoUan Harp, structure of explained. / 
MpkemeriSf an almanack. White's explained, II. 83. 
Equalorfhow described, II. 27 and 68. 
Eqmmclialy what meant by, II. 68. 
" Kvenings at Home" referred to, a work of great merit, 

I. a. 

EtfCy the part of which composed, V. 140. 



Feathers f electrified, their appearance, VI. 51. 
Fire Engines described, and tne principle of them explained, 
III. 229. 

Fish, how they swim, IV. 4. -Air-vessel of, the uses, IV. 7. 

Electrical, Vl. 60. 
Platmtly a conductor of sound, IV. 96. 
Plea, circulation of the blood of a, I. 19. 
Flood-gates, why made very thick, III. 88. 
Fluids and soUds, how distin^ished. III. 3 4 — ^36. Particles 

of exceedingly small. III. 7. Incapable of compression, 

III. 11, 12. 

Fluids press equally in all directions. III. 21. Incom- 
pressible, HI. 25. A\r, compression of, ib. Weight and 
pressure of, experiments on. III. 28 — 32. Lateral pres- 
sure of, III. 40-— 47. Difference between the weight 
and pressure of, III. 9i. Motion of, III. 82 — 105. 
Experiments on the light and heavy, III. 167 — 171. 
Specific ffravity of, differ according to the degrees of beat 
and cold, III. X75. 
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Jofce, cetitriivgaly wh»t fueftot by, I. 106. 
FoiMtaint, the principle of, explained, UI. 99< 
Fhunttmif arttficta], IV. 7a. 

Franklin, Dr. his experimentSi VI. diccoven^t Uf^t- 

ning and electricity are the same, VI. 134. 
, Friction, rubbing. Moat be alloMreci for w mpfbawwi^ I* 

171. 

FrngSf experiments on, VI. 919 — a 17. 
Fulcrum^ the prop or centre on whiidi a lever tuna. What 
meant by, I. 130, 131. 



G. 



Galvam, Dr. his discoveritt, VI. 181, 182. Experiments 

on frogs, ib. ^nd 213. 
GaJxmic iMerks^ how formed, VI. 193 — 196. Shock, 

VI. 193 — 196. 
Gclomisfaf what it ts, VI. 181, From what it derived its 

name, ib. And electricity the same, VI. 185. Made 

apparent to the senses, VI. 187. Positive and negative, 
^ V I. « 07 . SummMry of, VI. 22 1 . 
Garden engines described, lU. 230. 
OaSt a kind of air. Hydxogmh procured^ VI. 307- 

How collected, ib. 
Gauge, a measure. 

GeooBHtric place of apUmet, what meant by, 11. 213, loii^-< 
tude, II. 213. 

Globe, the greatar part of its surface water, IV. 146 . A te- 

presentation of thd earth, II. 65. 
Glue, Sat wlm used, I. 33. 

Gravity, the tendency wMch bodies have to the cent* of 
the 4aurth. Centre o^ wliat meant by, I. 73. How 
■found, I. 74. Acti upon all bodies, L 41. The 
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Uw of, and 54. IHostnted, Vi. 43^43, afri m-*- 
57. 

GravUaiion, attnction of, defined, I. 38. Instances of, I. 

38. By thtt fitefte bodies tend to the cwbk, ai the earth, 
~ I. 40. 

Gregory y Popei rectifies the JuUan year, U. 141. 

Guinea, specific gmvity of. III. 127. 
Gioipowder, how fired, VI. 1^7. 
6^^mM9tu«, described, VI. 164. 



H. 



Hammer, philosophical, IV. il. 
ffampstead, the fine prospect from, V. ] 56. 
Jiarvest-^oon, explained, II. 179— 190. Cause of, II. 
181. 

Heat, expauds all bodies, I. 25. The. cause of great, U. 
10». 

Hei^ of any place how found, I. C4. 
HeUoceniric longitude, II. 211. 

Herschel, the planet when discovered, II. 326. Its magoi- 

tude, distance, &c. II. 227 — 229. ' 
Hiero*s croum, cheat respecting, how detected, HI. 151— 
• 154. 

Hogshead, how burst. III. 68. 

Hop-waggons, dangwous to ifleet in &n inclining road, I, 

81. 

Hdfrhon, the b6undiiry vfrh^re the slty seentt to touch th» 
suiface of the earth or sea. Sensible Aoid r&tional, II. 
64; To which we refer the rising add setting of the sun. 
If. 85. 

Hydraulics, hydvdktatlc principles ^plled to mills, engines, 
pumps^ &C. • • - • .. 
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RvdromPttTf an Instrument to moaaare the jtreftgtli r4 
•jirits. Described, III. 171—176. To what applied, 

BydrmtLlcs, the origin of the term, III. 2. The ohiects 
of, ili. 

Hydroslatical paradox, explained, III. 48 — 60. 
Hudrostalkal bellows^ described and explained. III. 6l — 

70. Press, III. 70 and 233—235. Fluids, pressure <£ 

in proportion to the perpendicular heights. 111. 62. 
BygronUter, an iuatrument by which the moisture of the 

air ift measured. Its construction and use, IV. 235. 

Difoent kinds of« IV. 235—241. 



I. 



• i 

Jack-a lanihom, VI. 143. 

Immerse, to plunge in. , 

Impelf to drive on. 

JncidencCf line of, IV. 123. 

XncanpressiUe, not capable of b^ng pressed into a smalla 
compass. 

Inertia f of matter, its tendency to continue in the «tate is 
which it is. 

Jfigenkouz, Br. referred to, I. 33. His character, I. 
34. 

JrUerstices, the holloNr spaces between the particles of 

mattef. 
iron, oxide of,^!. 1 89, 

Jupiter, the planet, its nui^itude; distance Crom the 
sun ; the velocity of its motiom, 11. 214. The iength %fi 
its days and nights, II. 216. Satellites, II. 2i;. 



Jufius Citsar, the part be took in referring the ytfar, If. 



Lateral, sidewise. 

tatitude, of the pUnets, their distance firom the ecliptic. 

FknHel»of,U. 105. 
Leadf eleven times heav^^er than water. III. 46. ()xide of, 

VI. 187. Acetiteof,VL2ia. 
Leaf, gold, silver, &c. how \^xant, VI. 197> 190. 
Leaks, in banks, how secured. III. 9Pu 
Leap-year, what meant by, li. 137. Rule for knowing, TL* 

140. 

Leiuesy different kinds described, V. 49. 

Levels, construction of, III. 17. tJse of. III. 17 — %o, 

Leoer^ a bar, erow» &c. For what useil, !. 133. Whf 
called a mechanical power, I. 133. Of the j|Sr5t kind, 
what inatnunents referred to, I. 14^ How to- estimate 
Its power, I. 146. Of the second kind,, what institmentsi 
|referred to, 1. 147. Of the ikki kiad, what instninMiit^ 
refcrred to, I. 151, J 52. 

Leuersy how many kinds, I. 133. Their properties iUu^ 
strated, I. 134 — 140. 

Iflghty its grt»t febcity, how discovered, II. 2 18, and V. 



^minutiony V. 4. The source of Ught to the planetary 
worlds, ib. Moves in straight lines, V. 11, 12. Ray 
of, what meant by, V. l». Reflected- and refracted,. 
V. 13 — ao. Its great advantages, V. 80. A com- 
pounded body, V. 83. GalvaniOy how perceived^ VI. 
190-«-193. 



L. 




9IfOSSAKy AND fHf>EX» 



LifusSf right, what meant by, I. 

Xo'ulon, liow supplied wuh water. Bridge, water-works at^ 

III. 101 and 228. 
Long-days, the reason of, II. 105. ' 



Machine, electrical, VI. 21. The most powerful, VI, 
83. 

Magnet, described, V. 226. Its uses, V. 227. Directive 
property, V; il). Artificial, V. 229. Properties of, V. 
231. 

Mc^ncts, how to make, V. 246. 
jV/(ig>;te/u: attraction and repulsion, V. 235. 
MarhUs, reason why they roll to greater or les^ distances, 
I. 98. * 

Mtariner's corripass, described, V. 242. Variation of V. 
252. 

Mars, the planet, its distance from the sun; itsveJocity; 
its magnitude, &c. II. 207^^12. 

Matter, every substance with which we are acquainted. How 
defined, I. 10. Definition illustrated, 1. 11. Capable of 
infinite division, I. 12. Remarkable instances of the mi- 
nute division of, I. 13-—17. 

Mechanical powers, bow many, and what they .are^ I. 
126. ' 

Mechanics, importance of, 1. 128. Power gained by them, 
ib. 

Mercury, the planet, its situation, II. 191, and Venus, why 
called inferior planets, II. 191* Rarely seen, II. 19-3. 
Its distance from the sun; its velocity; its size, &c. II, 
194—197. 

Metals, some more sonorous tluiQ others, IV.' 1 00. 



QJLOSSARir .AND INDEX* 



fiicroscope. Its- principle explained, V. 198* Single, 
200. How made, V. 204. Compound, V. 206. SoUr, 
V. 211. 

Mirrors, the difierent kinds, Y. 99- 



I. 46. Illustrated, 1. 47 — 50, and 121. 
Money, counterfeit, wron^ to pass it. III. 160. 

Month, what meant by, II. 145. Difference between tlie 

periodical and synodical*, II. 146. 
Moon, to what laws subject* I> ^9* Its declination, 

II. 41. Its southing, ib. Its d'tstance from the earth, 
II. 86. Probably inhabited, II. 154. Eclipses of, II. 
158. 

emd eeerlh, motions of, explained, II. 147, 148. 
Shines with borrowed light, II. 148. TTiC/ length of her 
diameter, II. 149. Phases of, explained, II. 150. Her 
rotation described, II. 152. Length of her - day, ib. 
Length of her year, II. 1 53 . 

Motion, centre of, what it is, I. 124. Laws of, I. 89. 
Must he committed to memory, 1. 103, 104; the first 
illustvated, I. 90 — 98; the second illustcated, I. 9&; the 
third illustrated, I. 99 — 102. 

Motions, circular, exist in nature, I. 105. 

Muschenbroeck, M. describes the electric shock, VI. 71. 

Musical instruments depend on the ai for aciion^ IV. 
135^ 




force of a body. What meant by. 



N. 



Nadir, the point under our feet. 

Nautical Alnumack, its use, II. 31. \ 

Needle of tljc mariner's compass. Dipping, V. 444. 



OLOSSAiNr ANI^ UOOX, 



Nerves mid nuudes, . how eboAtmrn of the Gtlvaak lliii^ 

V. 183. 

New Style, when adopted, II. 14-2. 
Kcu'ton, Sir Isaac, his experimews ott ekctricky, Vt. 6. 
NijikleTf M. Im deeeripiion of the etavOrkal thoA, VI*f 
. 71- 



o. 



Objects, by wbni maaas vlsihlo^ V. 31. Th« inagie of, ham- 

painted on the eje, V. 154. 
Oblate, of tlie sliape «£ aa orange* 
Opaque, darit. 

OrZ^, the path of a planet round dye sun, or of » aooa 

round Hi pnaoary. 
CXniif2a^tony what meant by the t«rm, VI. 1 87-— 1 89w 
Oxide, the cahbof a metaiv Wlut noam by the tcraky VI. 

169. 



P. 

V 

Paley, Dr. his natural theology referred to, V. 156-, 
PapirCs digester described, I. Q7, and IV. 1 85. Its uses, Ibw 

One burst, IV. 188. 
Parker, Mr. his large burning glass, V. 54. 
Percussion, astpke. What meant by, 116, 117. 
Phenomenon, an appearance in nature. 
Phial, Leyden, where discovered, VI. 69. 
Philosophy, what it is, 1. 3. Natural and experimental, th* 

introduction to, not difficult, I. a. Natunil,tlie\iseftt» 

which it is applied, I. 97. 
PhUosophical Transac^jons refened to> VI. 137* 



GLOSSARY AND INDEX. 



JV'ff, tower of, leans out of the perpendicular, I. 78. 
Plane, in^-Uned, explained, I. 174. Examples rcispcctin*; 

the, I. 177 — 181. What instruments referable to, I. 

191. 

Planets, their number and names, II. 53. Characters of, 
II. 38. Latitude of, II. 45. The order of their mo* 
. tioDs, II. 58. How to find their distances, II. 204 — 
206. 

Piiewnatics, what, treated of under, IV. 1. 
Points, cardinal, V. 444. 
PoU-slar, its use, II. 1 5. 

Poles, apparently stationary, II, 90. At the, only one day 

and one night in the year, II. 121. 
Ih'ess, hydrostatical, III; 70. - 
Priestley, Dr. his ^history of electricity referred to, VI. 

8. 

Price, Dr. referred to, 1.61. * 
Prism, thd effect of, V. 1 69. 
Puddling, what meant bv the term, III. 90, 91. 
Pulley, how explained, I. 166. The single gives no advan- 
tage, 1. 167. The moveable, I. 169. 
Pump, principle of. III. 215 — 224. 
Pimip-foTcing described, III. 225. 
Pyrometer f its construction an^luse, IV. 230, 



R. 



Radiant-pnints, from whence rays of light flow in all direor 
. tions. ' - . ^ ' 

KaiiilxAv, the cause explained, V. 167. Artificial, V. 176., 

Curious ones descnbed, V. 177. 
Rain-gauge, its construction, IV. 243. How it is used, IV. 

244. ■ ' . ... 

|iam,.jn electrical pheaomtt)on, 3/'!. 148.. • . 



GLOSSARY AND IWBX* 



Raysy poocil what meant by, V. 47 . BmUel dffintfkw 
of,ib. 

Reflection^ rebounUing back. Its powers in afpucatU 
niukip tying objects, II. 7. Line of, expUuied, IV- 
121. 

Rtfracdarif inclining or benduig out of it» couise. Ita 
power in apparently multipiying objects, II. lO. 

Repulsifm, diiving away. What meant by, 1.34. lustaoces 
of, I. 35—37. 

Residuum, electrical, what meant by, VI. 80. 

Retrograde motion, by which ,the heavenly, bodies appear to 
go backwards* 

Reverberate, to beat back. 

River, New, how it supplies London with vatKy 10* lOA 
Reservoiia belonging to, III. i oi » 1 02 . 

Rivers, banks of, must be very thick, III. 89* 
Round'-aboiUfjiltie i^xmcifit of, L XM» 



Saliva, decomposed by Galvanism, VI. 186. 

Salt, whatever has a sharp taste, and is soluble in water. 

Salt water, heavier than fiesh, consequence of, to a loaded 

vessel, in. 179. 
SoteUites,ynixm. 

Satiirn, the planet how known, II. 220. Its nugnifiide, 
distancv frcm the snn; vefecity of ita mctioniTlI. '?2K 
Its satellites and rings, H. 212—324. The length of 
its day and ni^, IL 2<i5. 

Sa ew, an inclined plane wrapt round a cylinder. It» prin- 
ciple explained, L i88« Oi what composed^ L lag^ 



GIOSSARY AND TNT^EX. 



Cnmples of, I. 190. U^ed by paptr-makers, I. 196. 
ItB power estimated, 1. 197< 
Season, the hottest, 11. 114. 

Seasons, vmetj oF, on what depends, IF. 100 and 107. 

difieient, hew accounted for, 11. 99, and 100 — 123. 

How produced, II. 1 14. 
Shq), da^onaged by lighttiin^, VI. I3g. 
Siltmis etedricus, descriheS, XI. 167. 
Silver, experiment with, VI. 180. 
Slaves, how they get at their master's rum. III. 1G9. 
i^mojte, the reason of its ascent, IV. 62. 
Smoke-Jack, its priaciple, IV. 143. 
S^ar system, Ae&cfAiea, II. 48—58. 
Solder, for what used, I. 3!J. 

Sound, condtictors of, IV. 94 — 96. How far may be 
heard, IV. 102. How fast it travels, IV. 105. Velo- 
city of, applied to practical purposes, IV. 10/ — 110. 

Spark, electrical, its nature, VI. 103. Galrdnic, its power, 
VI. 211. 

Speckle gravity, what meant by> HI. 33. Of bodies ex- 

Jlmned and illustrated. III. 106 — 165. How to (ind, 
II. 110. 

Spectacles, their construction, uses, and different kinds, V. 

159 — 162. 
Spirit, rectified, what meant by, III. 175. 
Springs, intermitting, explained. III. 197- 
St, PaiiVs, whispering galler)' of, principle explained, IV. 

132. 

Stars, how to find the names of, II. 18 — 24. W)x^ marked 
on the globe with Greek characters, II. 24. Fixed, their 
apparent motion, II. 89> Why not seen in the day, II. 
92. Fixed, their number, II. 1—4. May be distin- 
guished, II. 12. Fixed, their immense distance, II. 129. 
Fixed, description of, 11. 240 — ^246. Their uses, II. 247. 
Falling, what they are, VI. 135. 

Steamr&mne, its use, IV, J56. When invented, IV. 
158. Its structure, IV. 163. The application, IV. 
177, 178. That of Messrs. Whitbread described, IV. 
180. Its power calculate^, IV. 181. Accidents ooea-*' 
iioBeaby,IV.168. 



€LOSSARir AND INDEX. 



Sleehfwrd, a sort of lever, I. idS. Its adfantagcs over a 

pir of scales, I. 140. 

Sfvrms, hy what occasioned, IV. 152. 

SnjcUnfty no such principle in nature, IV. 32—^9. 

Sidykuret, alkaliiie, what, VI. 204. 
. Summers, two in a year, in 9ome places, 11. 1 19< 

•SW aiid docks, seldom together, II. 44. 

Sitn, declination of, II. 40. Longitude of, II. 46. Has 
not latitude, II. 46. Its magnitude, II. 50. Why it ap- 
pears so small, ib. Its du^^ttiiice irom. the eaith, IL 51. 
Annual motion of, how ohser- e i, II. 95. Reasons for, 
II. 26. Nearer to the earth, iu winter, ilian iu summer, 

II. 1 1 1 . A description of, 11. 207—239. 
Swimming, theory of. III. 180. How to be attained, 

III. 181. Lesc uatunil to man tlian to other land ani- 
mals. 111. 182. 

Syphon, the structure of, explained, III. 187. prin- 
ciple, III. 189- 

Syringe, its stmcture explained, IV. 25. Condensing one 
described, IV. 75. 



T. 



Talies, Galvanic, VI. 205, 206. 

Tangmt, a straight line touching the circumference of a cif^ 

cle in one point. 
Tangible, capable of being felt or handled. 
Tantalus's cup, III. 192. 

Taite, a disMgreeabie one, excited by the union of tnetah 
placed on and under the toi-.gue, VI. 185. How count- 
ed for, VI. 187. 

le'sscope, refracting, explained, V. 178. Night, V. 189. 
Reflecting, explained, V. 19I. J>r. Hersdiers, V. 197. 



GLOSSARY AND INDEX. 



Terms, technical, derived from the Greek language, III. 1. 

Thermometer, its construction and uses, iV. 211— Q 19. 
Its scale, IV. 218. Wedgewood*s, IV. 223. Reaumur's 
scale compared with Fahrenheit's, IV. 228. Heat, scale 
of, IV. 226. 

Thunder, how produced, IV. 98. 

Tides, the causes of, explained, II. 168 — 17.8. Two every 
25 hours, II. 178. Different in diiferem places, II. 175. 
When theliighest happen, II. 1 7 8. 

Thne, equal and apparent, how distinguished, II. 124 — 126. 
On what the difiFerence depends, II. 126. Equation of^ 
II. 43 and 124 — 1T36. Division of, II. 144. 

Time and space, clear ideas of, necessary to be formed, 
1. 126. 

Tm-pedo, described, VI. 161. 

Torricellian experiment, IV. 22. 

Transfener, an instrument used in pneumatics. 

Transit of Penus, her passages over the sun's face. 

Tremblzng'Cel, noticed, VI. 168. 

Triangle, what meant by, I. 9. Any two sides of, greater 

than the third, I. 113. 
Tropics, circles paiallel to the equator. 
Tnimpet, speaking, described, IV. Ill — 11 7. Wlien first 

used, IV. 114. 
Trumpets, for deaf persons, IV. 116. 
Tid^, a pine. 

Twilight, the degree of light experienced between sun setting 
or rising and dark night. 



U and V. 

Undulation, swinging or vibrating. 
Pacmm, a place void of air. 
Falve, a sort of trap door. 
^^e5, what meant by, III. 216. 
Vegetables, how blanched, V. 9«). 



VQL. VI. 



Y 



GLOSSARY AND INDEX. 



Felaeily^ a term applied to moticm. Accelerating, whtt 

meant by, I. 62 . 
Vmust the planet, Us distance from the sun ; the velocitj of 

its motion ; ius roagniiude, II. 198'~302. Why an 

evening and u^iv a monuog star, II. 202. Tnntit of, 

what meant by, JI. 203. 
Pemier, its construction and use, IV. 195. 
Ferter, ihe top of any thing. , 
FihaJmij the swinging motion of a pendulum. 
Fision, the manner of, V. 148. 
Folahley any light substance that easily emorates. 
Foltaic batteriest VI. 1 92 — 1 95 . Shock, VI. 1 93 — 1 96. 
Voltaism, VL 192, &c. 



w. 



ffatl^ leaning one, at Bridgnorth, I. 79, 

f^ ater, pure rain, the standard to compare other bodies with, 
III. 1 12. Weighs the same every where, III. 113. Al- 
ways deeper than it appears to be, III. 184, and V. 37. 
How raised from deep wells, III. 230 — 233. Formed of 
two gasses, VI. 1 86. Decomposed, VI. 208. 

PFater-spouts, their cause, VI. 144. How dispersed, VI. 

145. 

ff eafher, rules for judging of, IV. 248 — 252. 

IVed^e, a trianeular piece of wood or metal, to cleave 
stone, &c. Its principle explained, I. 182. Its ad- 
vantages in cleaving wood, I. 183. What instrumenta 
referred to, I. 185. 

TVelL, how to find the depth of one, I. 65. 

IVheel ami axis described, 1. 1 57 . For what purposes used, 
ib. Its power estimated, I. 159. H«w increased, I. 160. 
Explamedon the principle of th* lever, I. 165. 

PFkite, Mr. James, his invention of a crane, I. 1154. His. 
patent pulley, I. 172. 

PTmd, what .it is, IV. 140. The csnse of, IV. Ml. Ex- 
Jperimem on, IV. 142 and 149. Definition of, IV. 144. 



GLOSSARY AND INDEX. 



Its direction denominated, ib. ' The cause of its variable- 
ness in England, IV. 150. How to find its vekxrity, IV. 
152. Table of, IV. 155. 

IVindSf how many kinds, iand why so named, IV. 144. 

H%Uer, why colder than the summer, II. 112. 



Y. 

Year, its length, how measured, II. 138. Gregorian, what 
meant by, ll. l4l. The beginning of, changed fiom the 
25th of March to the ist of Jaausiy, II. 1 43. 



z. 

Zenithy that point of the heavetis over one's head, 
i^incy experiment with> VI. 183, 

Zodmcy a belt in the hea«na, suteen deoreea broad, through 
which the ecliptic TUQft. Signs of^ II. 35^. Pr.Watts't 
liues OD^ II. si. 



FINIS, 



THE rUtST FOUR VOLUMES 



or THE 

SCIENTIFIC DIALOGUES 

CONSIST AS FOLLOW : 



Vol. X. Of MECHANICS. Containing familiar deino«st|^tioii« 
'of the d'xtSextnt kCods of graviration; of.tbe laws of oKition ; of 
the cctttrcc of gravity ; and foil descriptioai of all the mechanical 
powert. 

Vol. II. Of ASTRONOMY. Including familiar descriptions tf 
the fixed start* and the loUr syiccm ; en^lanations of thij'figtt^ 
and motion of the earth, moon, and other planetary bodies ; «f 
the cauics of day aa4 night f «f the^dffferent tcaioai; o{ eclipsci, 
iide«» equattoa of time* icap>year, 8cc. 

Vol. III. Of HYDROSTATICS. In this Voluine are dembi*. 
•trate4 m a very familiar manner, the weigh', pressure, and mo« 
lion of fluids; the metbodi of finding the «peciBc gr4vity of all 
kinds of bodies ; familiar and accurate descripljont of thcihydro- 
weier, diver's-bcll, pampi of several kindt* fire-engines, and the 
water-prcst. 

Vol. IV. Of PNEUMATICS. This volume toncafns fami'iar 
demomtratinns of the weight, pressure, and elasticity of t^ve^r, 
illustrated by numerous emertainini^expcriments ^ the nature and 
velocity of kounds; the various sorts of Echoj ; ^tfi tue winda 
are explained. The nature and uset of the steain>cnginc, Tzpin't 
digester, the barometer, thermometer, pyrometer, J^>^oraeter, 
rain gauge, 8cc. arn explained by methods perfectly adapted to the 
capacities of very young persons. 

Sixfen beautiful copper plate engravii^^by LOWRY, accom- 
pany these volumes. . 

Lately published, price as. * 

• A COMPANION to the SCIENTIFIC DIALOGUES ; or the 
TUTOR'* ASSISTANT, and PUPIL'S MANUAL in NATU- 
RAL and EXPERIMENTAL PHILOSOPHY: containing, que>. 
tions and other exercises, for the examination < f pupils, in the 
six volumes of Scientific Dialoguet. To which is added, a 
Compendtam of the principal Pacts under each Department af 
Science. Ay the Rev. J. JOYCB. ad edition. 




S\ehtm M ftj^-utp. 



A Catalogue of Books, composed for the Use of 
Children and Young Persons; printed for 

J. JOHNSON, 72, St. Paul's Churchyard. 

h. THE CATECHISM of NATURE, by Dr. Marti- 
net, Professor of Philosophy at Zutphen. Translated from 
tlie Dutch, by the Rev. John Hall. Price is. 

2. The CALENDAR of NATURE, by Dr. Aikin. is. 

3. NATURAL HISTORY of the YEAR, being an En- 
largement of the above, by Arthur Aikin. Price 3s. 

4. EVENINGS AT HOME. By Dr. Aikin and Mrs. 
BarbAuld. 6 Vols, half bound, 10. 6d. or bound ^n 3 Vols.; 
12. 

5. MORAL TA LES, by Miss Edgeworth. 3 Vols. 1 12s. 

6. The NATURAL HISTORY of BIRDS, containing 
a Variety of Facts selected from several Writers, and in- 
teitded for the Amusement and Instruction of Children. 
Illustrated with 116 Copper-plates. In sU Parts. Bound 
in 3 Vols. 12s. The same with the Cuts coloured. Price 
Sis. or both coloured and plain, to serve as a Drawing 
Book for young Persons. Price ll. 8s. bound. 

7. PHILOSOPHICAL AMUSEMENTS; or. Easy 
and Instructive Recreation? for young People. Price is. 6d, 

8. YOUNG GRANDISON. A Series of Letters from 
young People to their Friends. Translated from the Dutch 
of Mad. Cam BON. 2 Vols. l2mo. Price 7 s. bound. 

9. The ART of DRAWING and PAINTING in 
WATER COLOURS, with Cuts. Fifth Edition, is. 6d. 

10. The ART of DRAWING in PERSPECTIVE, for 
the Use of such as are Strangers to Mathematics. To 
which is added, the Art of Painting upon Glass, and Draw- 
ing in Crayons ; also the Art of Etching and Japanning, 
with Cuts. Fourth Edition, is. 6d. 

11. The ART of WHITING; containing Directions 
for Writing, with Copper-plate Copies of all the Hapds now 
in XJ$e ; necessary to those who have not theP Instructions 
of a Master. By A. Serle. is. 

Itt. GAY'S FABLES, with Cut* Price 2f. 6d. bound. 



BOOKS for Yowig Penom. 

18. FABLES oF j^SOP and others; instructire 
Applications, and a Print before each Fable. By Dr. Caox* 
ALL. 3a. ed. bound. 

14. SACRED HISTORY, lelected from the Scriptures; 
with Annotations and Reflections designed for Young Peo- 
ple, particularly culculatccl to faciiiute the Study of the 
Scriptures in Sihools and Families, by Mrs. TRiMMtR. 6 
Vuls> Pi ice 30s. 

15. The TOUR of VALENTINE. Second Editioo. 
ds. 6d. 

16. A COMPENDIOUS HISTORY of ENGLAND, 
ds. 6d. 

17. HISTORY of ENGLAND, \>j C. Ailen, with 
mates. 4s. 6d. bound. 

18 HISTORY of ROME, by the same, with Plates. 
Tnce 48. 6d, bound. 

19 The SPEAKER; or, Miscellaneous Pieces selected 
from the best English Writers, and disposed under proper 
Heads, with a View to facilitate the Ixnproveihent of Youth 
in reading and speaking. A new Edition, enlarged. To 
which are prefixed, twoEssays — I. On Elocution. II. On 
reading Worics of Taste. By W. Enheld, LL.D. Em- 
bellished with 4 ^hopper-plates. Price 3s. 6d. bound. 

20. EXERCISES in ELOCUTION, selected frono the 
best Writers, upon the Plan of the Speaker, and intended 
88 a Supplement to that Work. By die same. Widi 4 
Copper>p}ates. A new Edition. Price 3«. 6d. bound. 

Ql. A FATHER'S INSTRUCTIONS; consisting of 
Monti Tales, Fables, and Reflections, designed to promote 
ft Love of Truth, a Taste for Knowledge, and an early Ac- 
quaintance with the Woi'ks of Nature, by Thomas Pkrci- 
\'AL, M. D. New Edition, ;much enlarged. 68« 

aa. LECTURES on FEMALE EDUCATION Md 
MANNERS* by Mr. Burton. 2 Vols. bound. 

23. HISTORICAL DIALOGUES for YOUNG PER- 
SONS of BOTH SEXES; particularly designed for the 
Elder Pupils of Schools, for the purpose oi ins|>iritig dietn 
with a taste for History; and convincing them, that in its 
records may be found charaoters of more real heronm, and 
situatioDs o( greater intent, tbio aie to hi met mdk Iq the 



BOOKS fm Young Persons. 

pages of roBMLhce and fiction. By Mary Hats, Authc^r of 
Harry Cliuton, a Tale for Youth, &c. 3 Vols. Price 12s. 
in Boards. 

Character of this Work from the Monthly Review of 
April last: — 

" To seJect from the vast mass of Histoiy such portion? 
•s are likely to interest youtlrfiil minds, and to^ttwer such 
questions as young persons 'would natura l ytMP n tiearing 
dbem related, is a commendable idea ; an4ra4Sese objects, 
which the aut^ has ably accomplished, are also added 
several very useful philosophical remarks. The historical 
part is well written, the dialogoes are ably supported, and 
the remarks are judicious. Altoge^er, therefore, a valuable 
work for juvenile understanding is here produced." 

24. ENGLAND DELINEATED; or, a Geographical 
Description of «very county in England and Wales ; witli a 
concise Account of its most importaiit Products, natural and 
artificial. For the use of young Persons. By J. AiKiN, 
M. D. Third Edition, corrected, with Outlims Maps of the 
Counties of Et>gland. Price 8s. Ixnind. 

25. The STUDENT'S POCKET DICTIONARY; or. 
Compendium of Universal History, Chronology, and Bio- 
graphy, from the earliest Accounts to the present Time, 
with Authoritips. In Two Parts. Part I. contaiuing a 
Compendium of Universal History, Part II. Compendium 
of l;niversal Biography. By "fHOMAs Mortimer, Esq. 
The Second Edition, with considerable Emendations and 
Additions. Price 4s. 6d. bound. 

26. TOOKE'S PANTHEON. Price 4s. bound. 

27. CONSIDERATIONS for YOUNG MEN, and 
the Parents of Yoimg Men. Price 2d. 

28. HUDSON'S NEW INTRODUCTION TO 
TRADE AND BUSINESS; containing Forms of Re- 
ceipts, Promiiisory Notes, Bills of Excliange, Bills *>f 
Parcels, &c. ; also Commercial and Epistokr)' Correspoiid* 
ence, List of Abbreviations, Arithmetical Tables ani 
Questions, &c. &c. Price Is. 6d. 

29. BIOGRAPHICAL SERMONS: or, a Series of 
Discourses on the principal Characters in Scripture, via. 
Abraham, Jacob, Josaph, Moses, Job, X>ant«l, St. Pettr, 



BOOKS for Young Persona. 

£t. Pstu!, and Jesus Christ. By W. Ekfield, LL. I>. 
Price 4s. . 

The Author has adopted this Mode of Addieety noC 
«iec^i^ on Account of its Novehy, bat iVum an J^cpectation 
thy tn^iutcTeeting Scenes, which it has given him an Op- 
portunely of descnbin$[, will engaf^ the Feelings of his 
Keadccs in fiivour of Virtue ; and also with a View to /lead 
young Persons into a Habit of muking useful Reflections ou 
the Actions and Characters of Men, whether represented in 
the Pages of Sacred aud Civil Histury, or exhibited in real 
Jnfe. > 

^ aj. MORAL and LITERARY DISSERTATIONS, 
on, 1. Triith and Faithfoincss. 2. On Habit and Asso- 
ciation. 3. On Inconsistency of Expectation in literary 
Pursnits. 4. On a Taste tor the geueml Beauties of Na- 
ture, ft. On a Taste for the fine Arts, 8ic.; cliiefiy intended 
a% a Sequel to a Fathlr's iNSTiiucnioNS. By Thomas 
PcRCIVAL, M. D. Price 58. 

31. The LIFE of Mr. THOMAS FIRMIN. Citizen 
of London, by J. Cornish. Price 2s. bounil. 

Mr. Firmin*5 Virtues, 'though of the more exalted kind, 
were yet such as all may imitate. It ^vas i\q^ by the Help of 
extraordinary Knowledfije in any Art or Science tliat he at- 
tracted high Esteem fvom so many of his Contemporaries of 
great Note and Eminence; he gained honourable Fame by 
a d?ligent Application to Buslnes?;, a prevailing Inclination 
to dojgood, and a serious Attention to the Precepts of our 
holy Religion. In his Char^'Ctei* we see lo vihat Dignity 
and Honour a Tradesman may attain, without evejr being 
elevated above that Rank. 

32. The YOUTH'S FTJKNDLY MONITOR; or, 
The Affectipna e Sclioohn^ster ; containing his last pathetic 
Farewell Advice to his yoang P ipi!.^, on their entrance into 
a busy World. By the late Mr. Buugh, of Ncwington- 
Green. Price is. ^ 



Priiued by S. Hanaiiion, Weybria^c. ^ 
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